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1.0  DUSODUCTIC* 

Oils  document  was  prepared  to  coapile  a  source  of  desiip 
lnloroatlon  useful  to  the  preliminary  or  conceptual  design  engineer. 

The  latent  la  not  to  present  aethoda  with  which  an  engineer  can  design 
structural  Interface  Joints  on  oisslies,  but  to  aaaeabl*  In  ona  document, 
a  croaa-aec vlon  of  state-of-the-art  designs. 

1*.  la  recognized  that  a  design  engineer  can  arrive  at  a  feasible 
design  of  a  missile  Joint  with  no  assistance.  However,  this  takes  a  certain 
azoant  of  ti me  dependiu^*  on  the  type  of  Joint  and  its  use.  The  engineer  east  0 
investigate  the  l<vtde,  envlronoent,  cost,  etc.,  or  else  he  nuat  Initiate  * 
literature  search  to  see  what  similar  joint  has  been  used  successfully  In  the 
past.  With  this  document  u  designer  will  be  able  to  select  a  feasible,  proven 
Joint  design  using  only  gross  loads  ur.d  environment  data.  Tills  is  usually 
sufficient,  for  preliminary  or  conceptual  design  work  since  loads  and  environ- 
'rental  data  are  usually  estitaies  at  thlr  etage.  In  addition,  if  the  Joint 
^elected  is  one  with  which  Boeing  has  had  previous  experience,  the  cost 
estln&tor  cun  More  accurately  cost  the  proposed  design  concept. 

Tl.e  format  of  che  docutienc  has  been  prepared  to  facilitate  these 
tmexs  at  much  us  possible.  For  each  Joint  a  sketch  is  given  with  dimensions 
if  known.  The  loads  to  which  Joint  is  designed  und  the  envlronoent  to 

which  the  Joint  will  b«  subjected  are  also  sujwnarlzed  to  the  extent  that  such  I 

duta  lo  available.  A  shop  l  wl  .ten  description  and  project  use  Is  provided  to 
give  info  mat  ion  on  what  type  of  use  the  joint  sight  be  applicable.  References 
are  listed,  If  available.  Finally,  titles  of  paragraphs  which  contain 
descriptions  of  specific  joints  are  underlined  for  the  convenience  of  the 
reader. 
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T.ViUUD  STAGE  JOINTS 


This  section  covers  the  variety  of  utructural  Joints  desisted  to  (l) 
attach  the  payload  to  the  booster,  (?)  separate  the  payload  fro*  Its  booster, 

(3)  attach  the  payload's  ascent  cover  to  the  payload  or  booster  sad  (U)  separate 
the  ascent  cover  la  flight. 

Figure  2-1  schematics! ly  shows  the  typical  location  of  the  four  types 
of  Joints  on  a  puyluad  stage.  It  should  be  referred  to  at  a  glide  to  a  spec If lo 
type  of  Ijlnt.  It  is  not  intended  that  s  given  application  require  all  of  the 
Indicted  Joints  or  that  they  be  located  as  shown.  For  exaaple,  certain  ascent 
covers  have  "over-the-top"  renoval  and  hsncs  have  no  longitudinal  separation 
Joint.  Or,  ueparatlon  and  assembly  joints  my  be  integrated  Into  one  structural 

joint.  For  clarity,  all  Joints  are  shown  hers  as  separate  iteas  for irtference 

on  Figure  i-1 . 

2.1  ASSEMBLY  JOUFTS 

Tnese  Joints  serve  to  provide  field  attachment  of  the  payload  to  the 
booster  or  the  ascent  cover  to  the  booster.  The  Joint  my  or  my  not  be 
integral  with  the  separation  Joint.  It  it  Is,  a  cross  reference  to  that 
particular  Joint  In  Section  2.2  la  made. 

2.1.1  XPAYLOAD  A33EMBLY  JCIITTS 

These  Joints  are  shown  on  Figure  2-1  to  be  located  on  a  "payload 

adapter",  depicted  ns  a  frustrum  of  a  cone.  This  Is  typical  of  satellite  pay* 

loads  on  apace  boostern  and  Is  generally  applicable  to  cases  where  the  payload 
has  a  different  dlaaeter  than  the  booster.  Where  disaster*  ere  aoaiaally  the 
earn,  the  pa/loed  aey  be  attached  directly  to  the  booster  end  this  joint  nay 
be  quite  similar  in  nppearanca  to  boost nr  interstage  Joints,  loth  types  ere 


shown  in  this  report. 
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Frequently  the  poet  boost  vehicle  includes  multiple  ih6tru»eota,tion  • 

•  -  V 

packages  or  wafers  (Reference  Figure  2-2).  lhese  may  be  assembled  essentially 

•"■•""'•‘Tv 

by  repenting  the  basic  lap  Joint  ctrvcture  os  required  by  the  number  of  pactca&ea-  ■ 

* 

to  be  arserblcl  (Reference  Figure  2. 1.1-2).  p  ,'l 

.'-.I 

P.1.1.1  COMBINED  ASSEMBLY  &  SEPARATION  JOINT  (FTP,  £.1.1-1)  ‘ 

The  Juir.t  shown  ocno'.aticall:.  on  Figure  £.1.1-1  serves  the  dual  ; 

purpose  cf  assembly  and  separation.  A  tension  band  is  fitted  over  the  Interface 

■  * 

of  the  butted  flanges  of  the  sectione  to  be  Joined.  The  bend  Is  drawn  tight  by  . 
a  turnbuchle  arrangement  which  is  alto  on  explosive  device.  When  actuated,  the  , 

ii 

explosive  device  releasee  the  hand,  permitting  the  eectlcns  to  separate.  Similar 
devices  veru  used  on  Mlnutemnn  end  at  the  separation  plane  or  the  Burner  II 
payload.  Examples  iu  more  detail  are  shown  on  Figvres  3.<-5  through  2*3-9*  ■•  .  u  : 
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2.1.2  A3CEVT  COVER  A3SBCBL*  J01OTS 

Figure  2-1  locates  these  Joints  at  the  intersection  of  the  booster 
sod  payload  adapter.  Another  common  location  is  direct  attachnent  to  the 
payload  Itself.  Others  will  become  apparent  as  the  engineer  encounters 
different  applications.  The  conditions  of  interest  are  how  nuch  of  the  pay- 
load  need  be  exposed  or  covered  at  different  phases  of  the  mission,  how  nuch 
protection  can  be  acquired  by  dual  purpose  structure  (Zatergratiag  the  ascent 
cover  as  part  of  the  payloads  primary  structure),  and  the  desire  to  discard 
as  much  weight  as  early  in  the  mission  as  possible. 

2.r.2.1  ASCE3TT  COVER  ASSEMBLY  JOIST  (FIG.  2. 1.2-1) 

Assembly  of  an  instrumentation  package  to  the  Ascent  Cover  la 
accomplished  by  this  Joint  in  a  concept  study  considered  for  Mlnuteaan  ZZI. 

It  uses  overlapping  rings  which  are  held  by  the  Ascent  Cover  Clamp  strapped 
in  tension  around  the  outside  of  the  assembly.  The  assembly  surface  under 
the  clasg>  Is  composed  alternately  of  portions  of  the  inside  and  then  the  outside 
ring  in  a  tongue  and  groove  arrangement.  Tangs  on  the  outer  ring  slide  Into 
matching  grooves  on  the  inner  ring  to  present  a  continuous  external  surface. 
Consequently  the  Ascent  Cover  Clamp  bears  equally  on  both  rings.  An  ordnance 
device  coupled  to  a  system  of  cams  is  fired  to  release  the  tension  and  permit 
section  separation. 
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fi.2  S&ARATlOlf  JDIWB  • 
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The  separation  Joint*  described  1a  this  oection  proriga  iAfllj&t  ■*.*<  v*jyj£ 
release  of  the  payload  or  the  ascent  cover  from  the  alsalU.  Th*  Joints  ‘  '-V  * 

«  .  «»*  •  ,  ’  •  *  V  *  •  vi*  jfio, 

be  cert  of  integral  Joint*  eoobining  the  function  of  asoeebly  sad  role  see,-  ■ ','U^ 

•'•  •  ••..••■■•  •  -.  vr  r ;1  mi 

in  which  case  A  cross  reference  to  ASSEMBLY  JOINTS,  Section  2.1  will  nonssll/  ! y  ‘ ^ 

•  •  i  .*  a,.' 

be  made.  •  .  j,  V  ■'  V-  ' !■'/*;$ 

.'.-cV;  •,  r*M >• 

2.2.1  PAYLOAD  SEPARATION  JOISTS  ,  ,  ...  .  '  ‘ 

:  v'  ^ 

These  Joints  ore  coersonly  located  as  shown  in  Ficure  2-1  or  at  the..  ^ wr.^ 

•  <  '  I  ".V1* 

booster  interface.  The  latter  type  is  not  shown  here.  In  sons  eaias,  Mdt*-,v 

.  *  t  .  v^Y-T. ,  ir-;: 

tional  mechanisms  (cpriivs,  ordnance  thrusters,  etc.)  are  used  for  separation ■ ' .  >  ^  .  J y,A; 

*•  .  ;  ;V:'-  \  •>; 

Impulse.  These  will  not  be  discussed  in  this  document  and  mention  will  W  /  • 1  „*'  ‘ 

*  ’  ■ ' 

made  only  when  necessary  to  show  clearance  or  functional  association  with 


the  Joint. 

2. 2.1. 1  FALL 
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This  Joint  lncorrorateo  a  eocene rc lolly  available  ball'  lock  into'  W.:  !’ 

■  /  • 

a  device  to  retain  and  release  a  pay  lend.  Energy  is  supplied  by  springs  and 

r  .  ;$} 

ordnance  devicwi .  The  aettMtlhf  aeabdaiaa  retraoba  *•  ‘pltf '-ftaaklt  «n - .  ^IT> 
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2.2. 1.2  PAYLOAD  SEPARATION  JOINT  (FZQURB  2.2. 1-2) 

Ibis  Joint  assembles  the  poet  boost  propulsion  system  (PBP6) 
end  the  third  stage  motor.  Upon  actuation  of  the  linear  explosive,  complete 
severance  of  the  longitudinal  tension  capability  Is  provided  while  retaining 
sheer  and  compressive  capabilities  by  the  butt-lop  Joint  between  the  ordnance 
retainer  ring  and  the  adapter  ring  flange  until  physical  separation  of  the 
post  boost  vehicle  (PBV)  and  the  Stage  3  motor. . . 

Adaptations  of  this  Jelnt  provide  stage  to  stags  separation 
capHblllty  on  Minutemon  ZZZ  (Deference  Figure 
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FIGURE  2-3*  SUMMARY  MAJOR  SECTION  ASSEMBLY  JOINTS 
LGM  30G  MINUTE  MAN  III 


NUMBER  KM2591W, 

,  ,  £?iJ£JMC  REV  LTR  3, 


•>  |  2.2.2  Ascarr  coveb  separation  joiirrs 

Two  types  of  Joint*  arc  indicated  in  figure  2-1,  the  clrcaafercatlal 
and  the  longitudinal  Joint.  Toe  longitudinal  Joint  1*  not  always  ussd,  depending 
on  the  Bode  of  accent  cover  deployment.  Both  type*  of  device  are  ehova  in  this 
section.  Content*  of  jr-rH^h  2.2.1,  PAYLOAD  SfiPABATIOM  JOHTB,  also  apply  hsrsi 

2.2.2. 1  BOSS  CONK  SEPABATIOW  J0I5T  (710.  2. 2. 2-1) 

liila  detail  la  of  a  Joint  used  to  separate  the  nose  cone  of  the 
H1BEX  missile  and  thereby  provide  a  high  drag  blunt  nose  exposure  to  the  air 
stream. 

Hie  Joint  is  an  uncomplicated  design  similar  in  many  respects  to  a 
fabrication  Joint  -  two  skins  are  butted  together  and  bolted  using  holla  and 
nut  plates.  The  separation  is  done  with  a  linear  shaped  charge  which  expends 
Its  energy  primarily  In  one  direction,  in  this  case  outward,  to  cut  the  nose 
cone  sxln.  This  Impulse  is  sufficient  to  make  the  physical  break  but  not  to 
effect  total  separation.  To  do  tills,  a  gas  generator  and  thruster  is  used 
to  "blow"  the  two  pieces  apart. 

Tor  additional  details  of  the  ordnance  used,  refer  to  section  5.1. 

2 .2.2.2  LQWOnWftHAL  COVER  SEPARATION  JOINT  (FIP.  2.2.2-2) 

This  Joint  Is  a  design  concept  developed  as  part  of  an  ascent’ 
cover  ttudy  using  Burner  JZ  design  load  requirements.  Zb*  Joint  provides 
longitudinal  separation  of  the  cover  followed  by  separation  and  blow  off 
along  the  hinge  line. 


NUMBER  D2-125S0I-4 
RCV  III  & 


AZ  31B-F  MAG  EXTRUDED  BAR 


^  r»| 

t. 


rTPDKATINO  FU3S 
CORD 


.  .010  SAGE 
7075-T6  CLAD 

al.  arr.  . 


•  .10  TOICK  At  31£. 
P?U  MAJ. 
iosoTrjDH'1. 
'X'JBJ.EF 


.007  GAOE  HON7YTOMB 
ALUMINUM  C^RS 
TO' E  1.6/!*- 07  (j003) 
PER  MlL-O-7'138 


REFERENCE 

3TRUCT1HE 


J3 OXt  00  TOR  ‘-FPiVRATI^H  JOINT 


SCALE  NONE 


DE-ION  LOAD  Tct-  >-.v  aav*<3*£, 

AVERAGE  DIVMETER  -  N.  A. 


MATERIAL 


-  AS  EH OWN 


FIOURg 


REFERENCES:  ASCENT  SHROUD  DESIGN,  PIOURE  1,  p  7 


Ul  4(01  14)1  HV.  t/ll 


SHEET  XX 


USE  FQU  '*H«l.iri|N»tTHtn  Oh 


NUMBER  D8-1259U-1 
REV  LTP  U* 


MECTANICAL  !f£AT  SHIELD  JOINT  (FI0»  2. 3.2-3) 

Tc  prevent  pr.r  stale  payload  contamination,  a  linear  shaped  charge 
system  for  separation  c. the  heat  shield  halves  of  Burner  II  vas  ruled  out  in 
favor  of  a  mechanical  separation  aysre::..  This  mechanical  system  basically 
ccu3icto  of  six  pine  alone  each  sevcretion  line  that  Jcin  the  honeycomb 
structured  heat  shield  halves  ani  are  r^Lod  by  two  pyrotechnic  thructera 
for  s  .psrati A  Pin  Release  Strap  connects  the  si::  pins  on  each  c  .‘pnmtion 
line  so  that  they  vesi  r.iviltoueorsly  to  t!:  rut  I'M  actuation, 

?;e  essential  joint  component  of  this  system  is  illustrated  sche¬ 
matically  Li  the  t>o  views  c  f  FI  *...•*.•  2  The  Joint  combined  throe  elements 

tc  y:\viiK>  structural  ■•outlm. ity  between  heat  shield  halves  as  follows: 

a.  7se  Pi.mAd  Joints  designed  to  provide  ring  bending  ohear 
er.d  no  re  «l  force  continuity. 

V.  A  Dove -Till  Joint  u t  ~ny;  ebe  Ci!r,es  of  ’.-.c  two  halves  that 
provide  r.n<i  bonding  continuity  between  the  pinf:t*.l  Joints, 
e.  Mating  fsavtcotl.  plava  at  each  pinned  Joint  that  provide  beam 
shear  continuity  ue tween  the  two  heat  shield  halves. 

'Em  tical  design  censiUerntfenn  for  these  Joint  elements  art* 
dictated  cy  airloads. 


Tie  attached  stiffener  angle  along  the  separation  line  reduces 
deflections  during  thrusts-  operation. 


[£>■  Ordnance  Engineering  Associates,  lae.  Feport  Tic.  OAE  P ’/}}  2066100-1, 

Bev.  J  "Acceptance  Test  Feport  for  Pilot’s  Hatch  Thruster,  dated 
_ Sept.  26,  1  y66. 
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This  section  Includes  tbs  wrist/  of  struct arm!  Joints  «ssi©s*t  #  > 

*  ■ .  i  y  ■* 

(1)  enable  the  assembly  w»d  dleaesenbly  of  missile  eep»eata  for  purposes  of 
manufacture,  transportation  sad  maintenance  la  ths  field  sod  (2)  enabler  the  ,  5 
staging  separation  necesaary  for  ths  missile's  alas  ion  flight  profile* 
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Figure  3-1  schematically  shove  the  typical  location  of  the  Joints 
on  s  missile  booster  segment  sad  interstage.  This  is  representative  of  so? 
stage.  It  is  not  intended  that  a  given  application  require  all  of  the  indicated 
Joints  or  that  they  be  located  as  sbovn.  As  sc  example,  aa  inflight  separation 
function  and  a  field  Joint  may  be  integrated  into  a  single  structural  Joint. 

Itor  clarity,  all  Joints  are  indicated  as  separate  items  on  Figure  3*1*  . 

>  v 

3.1  ASSWHLY  JDUITS 

The  assembly  Joints  deserlbsd  in  this  section  are  those  used  to 
connect  segments  of  ths  booster  to  each  other,  through  interstages  or  not. 

This  connection  might  be  purely  a  «hop  fabrication  assembly  or  it  sight  bo 
a  field  operation  done  many  times.  The  Joints  may  be  integral  Joints  as  la.  . 

‘n 

payload  stages.  If  so.  cross  referencing  is  done. 


3.1.1 


DnSMBIAOS  OR  B008TSR  AOiFTStS 

This  section  covers  the  assembly  joints  made  betveen  ono  booster 
stage  and  another,  usually  through  an  Interstage  .  The  Joints  art  usually 
referred  to  a a  "adapter  rings"  and  commonly  form  the  interface  between  tv© 
manufacturers  (Reference  Fig.  2-3).  These  rings  msy  be  purely  asoonbly >r 

.  ’  .  i 

My  be  Integrated  vith  a  separation  Joint  if  the  looatioa  is  one  Mere  etaRfag 

i"  s 

la  desirable.  Both  types  are  covered  here.  "  A 
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'  3*1. 1.1  HTCER3TA0E  ADAPTS  ASSOtBL?  JOIOT  (WO.  *,1.1«I>  .  •  y 

*  1  *.  i* 

This  Joint  detail  is  *  section  through  a  circumferential  Joint  uaefc 

■ '  ■  .  \ 

or.  the  Minutenan  nioeilo.  The  dioieasions  given  «re  typical  of  the  Stage  1  -  . 
Stage  2  interstage  as  are  the  diameter  and  cross  sectional  area.  The  ring's 
characteristic  shape  ic  also  typical  of  the  Stage  2  -  Stage  3  interstage  on 
Minutemer..  for  reference,  the  numbers  in  parenthesis  pertain  to  that  ring. 

The  r'.r.c  is  a  duel  purpose  Joint.  It  permits  both  field  assembly 

a 

and  fabrication  assembly  in  the  shop.  Tt  also  functions  as  an  inflight 
separation  Joint  (Be!.  Section  «. 2.1.1). 

Two  bolt  circlea  are  provided  in  the  Joint,  both  to  be  U3ed  with 

bolt-nut  piste  combinations.  The  lowor  bolts  are  primarily  fabrication 

fasteners  and  are  backed  with  standard  nutplutea.  The  upper  bolts  are  for 

field  assembly  and  disassembly  and  are  backed  with  floating  nutplates.  Cork 

plugs  ore  commonly  used  to  replace  insulation  removed  during  disassembly.  . 

•  » 

Structurally,  the  main  ordnance  carrying  ring  is  not  the  primary  • 
lead  carrying  member.  Compression  loads  are  reacted  by  a  butting  together 
of  the  interstage  skins,  tension  loads  by  the  tension  tie.  The  Joint  is 

designed  to  react  nil  boost  flight  loads  as  well  as  silo  overpressure. 

» 

3.1. 1.2  THTSTSTACE  ADAPTER  ASSEMBLY  JOLTT  (FIG.  3,1.1-g) 

t 

This  Joint  Is  designed  Tor  aosarably  of  an  Interstage  (or  other 

l. 

structure  such  as  a  test  module)  on  top  of  a  booster  sti^e.  The  assembly 
operation  may  be  done  in  the  manufacturing  facility  or  tbs  field.  The  ring, 
ia  typical  of  that  used  on  the  Minutenan  (F-Mlesiie)  program  to  Join  the 
Autonetlcs  Guidance  and  Control  module  to  the  third  booster  stage. 
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■  **.•  ,'it. 

The  ring  itself  is  riveted  to  the  interstage  structure  end  ferae  ’  ’  >.*■ 

■  ‘ 

ea  Integral  component.  The  assembly  operation  is  done  then  hy  aeansof  the  .  y  •{  '■‘‘"v 
bolts  and  nutplates  shown.  Nuts  nay  be  used  Instead  of  nutplates,  depending 

“  •  ’*  e*  1 

on  the  accessibility  and  "dropped-nut"  considerations.  Cork  plugs  are  caaaoaly  '« 

used  to  replace  an;'  insulation  reaoved  during  disassembly.  ... 

'  *  >  \  . 

The  Joint  la  designed  to  retain  its  structural  Integrity  throughout  ; . 
boost  flight  loads  and  silo  overpressures.  -  , 

3 .1.1.3  STAOB  TO  STAGS  ASSEMBLY  JOINT  (FIQ.  1.1. l-l) 

* 

This  detail  ie  a  section  through  a  clrcuafarentlal  Joint  used  on 

\  > 

the  HiBEX  Kleolle.  It  ie  used  to  assemble  the  upper  stage  lmstruacntatios  A‘ 

package  to  the  booster.  The  assembly  operation  could  take  place  either  la 

the  fabrication  facility  or  a  auaitions  field  facility.  .,  /! 

The  ring  is  riveted  to  the  lower  missile  stage,  which  is  made  of 

*  «v%. 

*  ts 

fiberglass  la  this  application.  The  upper  stage  ie  attached  with  balt-nutplate  ..  -S 

•  u  .... 

combinations.  The  Joint  is  designed  to  resist  extremely  high  boost  acceleration 
loads.  ,\,f  ■; 
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3.1.2  MIDBODY  OR  MID-IMEISTIAGE  MSG  JOISTS  .  v  *  .  ^ 
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These  Joints  are  almost  entirely  used  in  -conjunction  with;  a  st$|liJ|f‘,r’  , 


separation  Joint.  Their  purpoce  is  to  assemble  the  staged 
in  a  fabrication  environment. 


3. 1.2. I  INTERSTAGE  ASSEMBLY 
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This  Joint  detail  la  c  section  through  a  circumferential  .Joint  Used  ;t 

-  '•  '** 

on  the  Hinuterr.an  missile.  The  dimensiono  given  are  typical  of  the  Stage  1  iV?^. 


Stage  ?  interstage. 


The  ring  is  a  dual  purpose  Joint.  It  permits  both  field  assembly 
end  fabrication  assembly  in  the  shop.  It  oleo  functions  as  an  inflight 
staging  Joint  (Be:’.  Section  3*2. 1.2).  .  “ 


Two  bolt  circles  are  provided  in  the  Joint,  designed  for  bclt-flut  .  v  .v 

.  *  •  . 

ci  bolt-nut  plate  combinations.  The  lover  bolts  are  primarily  fabrication  ..  . 
fasteners  and  are  backed  with  rtandard  nuts.  The  upper  bolts  are  also 

fabrication  anGombly  fasteners  but  are  backed  with  floating  nutplatea.  i  '/■  ,*/$ 

..  .  ~r  *\  -  ,  * 

.1  .  *  «  ,V  *  '> 

•  .  • 

Structurally,  the  main  ordnance  carrying  ring  ie  not  the  primary 

■#)* 

load  carrying  member.  Compression  loads  ore  reacted  by  a  butting  together  of  ■■  :.«■  .• 

‘  ■' *  ■'<  *' 

the  interstage  ckins,  tension  loads  by  the  tension  tie.  The  Joint  is  designed  ‘  <  4- 

-;.v  m 

*.o  react  all  boost  flight  loads  as  veil  as  Bilo  overpressures.  A  stiffener  .  .  ^ . -fe 


ring  provide?  increased  rigidity  to  resist' bending  loads  at  the  Joint  Inter fic*.  •*>  ji-'i  Jt 

,n 

•  •  </.* , 

’.i  .2.2  INTERSTAGK  ASSEMBLY  J01KT  (FIO.  3. 1.2-8)  . .  *. )  •J/jSt 

TJiis  Joint  detail  is  a  section  through  a  circumferential  Joint  iw«4 


on  the  Minuteman  missile.  The  dimensions  given  are  typical. of  the 


Stage  3  interstage. 
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The  r.ng  in  a  dual  purpose  joint.  It  pcrrit*  both  field  assembly  , 
find  fabrication  socemuly  in  the  shop#  Tt  olao  inactions  ss.en  inflight 
staging  Joint  (fief.  Section  j..'!.*.-). 

Two  bolt  clrol-.',  ei-c  provided  ir:  th<;  Joint,  employing  different 
fasten-?"  nofniinauton- .  T^.c  lower  belts  ar'*  primarily  fabrication  fasteners  and 
v.n-  -nr.l-vi  with  staadapi  nr  te.  The  .upper  bolts  are  also  fabrication  assembly 
tnotirers  b’.t  air  barker1,  with  '"looting  v.\.tpJ.auj..- . 

2tr  rtrrul  ly,  the  tmii:  otOr.anci.*  carry  Jug  ring  In  not  the*  primary 
i  -aJ  carrying  menbo. .  rJonprei'r.ijn  lorvij  n-~  reacted  by  a  betting  bocsther 
•  f  tr.e  intcrv.r "P  .-.kins ,  tension  loads  by  the  tension  tie.  The  Joint  ir. 
feoi.T.*d  V-*  jvanf  all  beejt  i'.'.  dr.  as  well  os  silo  owvprossurea. 
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3.2  SEPARATION  JOISTS  '  •  J- 

•  :  1  •.■%■  -  -V-V  *::?#■£ 

Described  in  this  section  Are.  the  variety  of  Joints  designed  -  .to  *  •  l ' ,  ; 

provide  Inflight  staging  of  a  missile  booster*  This  is  the  reahanios'  Vh'leb*'v'‘>' 

'  •  •  ■*  i.  'V-  v 

separates  a  burned  out  motor  from  the  remaining  "live"  booster  stages.  It 

•  *  .  ♦  1  , 

say  separate  an  interntage  structure  from  an  associated  iso  tor  case*  As  ? v,. 
me  8t  of  the  other  Joints  described  in  this  document,  these  Joints  nay  be  party\ 
of  integral  Joints  ccrabining  other  functions.  When  this  is  the  case,  ekiaa  ‘  '< 
referencing  to  appropriate  sections  vill  be  cade* 

3*2.1  STAGING  RINGS  •  X\ 

These  rings  function  to  either  "stage"  an  expended  booster  mediant  '/ 
frem  an  meyperjdefl  one  or  to  separate  an  interstage  from  a  booster,  figure  J-OL 

!■  <  V 

shows  typical  locationa  for  this  type  of  Joint.  In  some  instances  they  ar* 

■  '  '•*'  ' 

used  in  conjunction  with  longitudinal  Joints  to  sepoi»te  and  segment  an  intatt*  ' 

*  ,  f 

ctsfe*  This  la  covered  in  more  detail  in  Soetioh  3*2.2*  ".’v 

S 


This  Joint  detail  in  c  section  through  a  circumferential  Joint  used 

r  ■rf'  '■ 

on  the  Minuterann  micelle.  Hie  dimensions  given  are  typical  of  the  Stage  d 

.  *  ‘  ..  ■.*•*•■■...'•  »'i 

Stage  3  interstage  as  arc  the  diameter  and  cross  section  area*.  The  rihg'iii:  •  , 


characteristic  shape  is  also  quite  typical  of  the  Stage  1  *  Stage  2  Interstage/ 

l"  ■  ■  v' h-  . 

on  Mlnuteman.  •  ‘  : 

<  " ; 

The  ring  is  a  dual  purpose  Joint*  Zt  provides  tbe  inflight  inter-.  ,7 ' 

•  ’  ■  ■ 

stage  ckirt  removal  function,  working  in  conjunction  with.tba  longitudinal.  ; 

i  ;■  '  ■ 

Joint  similar  to  that  described  in  Section  3*2. 2.1.  It  also  functions  Asgr-'v 

;  *  •>,'  !  \  fV'j,, 

field  asew.bly  Joint  (Ref.  Section  3.1. 1.1).'  The  sa#l  ns  strict*  transfer  . 

■,  ■4--' 

hot  gas. into  the  :JBtaf*£  •aotor  aroa.  "  v.  •  '  '  •-  \  '  :v  ‘‘.tv.f 
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*.8.1.1  (Cont'd)  '  :Vf 

The  separation  impulse  to  provide  tba  required  function  eonae -frce\ 
a  linear  explosive  charge.  The  ring  is  designed  to  contain  any  particle-  ,  v  ' 
fragmentation  from  this  charge.  This  function  la  enhanced  by  the  uoe  of  a  1  'y-j, 

rubber-like  material,  PR-1910  (BJ43  5-u8)  which  can  contain  small  fra©*ents.  '  >'  •* ' 

The  primary  function  of  the  material  hovover  io  to  absorb  much  of  the  shock  .  ■*; 

'  i 

of  the  explosion.  , 

Structurally',  the  main  ordnance  carrying  ring  io  not  the  primary  load  ".l 

...  ‘  a  ‘ . 

carrying  member.  Compression  loads  are  reacted  by  a  butting  together  of  the 
sta^e  skins,  tension  loads  by  the  tension  tie.  The  Joint  ie  designed  to  react 
all  boost  flight  londs  as  well  as  silo  overpressures. 


For  additional  details  on  the  ordnance  used  in  this  Joint,  refer  to 


Section  5.1. 


3.2.1.8 


BOOSTS  STACiiaO  JOIST  (FIG.  M.?-l ) 

This  Joint  detail  is  a  wectlon  through  a  circumferential  Joint  used 


on  the  Minuteman  missile,  ’flic  dimensions  given  are  typical  of  the  Stage  1  - 
Stage  2  inters tage. 

The  Joint  has  a  dual  purpose.  It  provides  the  inflight  booster 
staging  function,  separating  the  upper  stage  from  the  expended  stage.  It  also 
functions  as  an  assembly  Joint  (Ref.  3. 1.2.1). 

The  separation  impulse  to  provide  the  required  function  come*  from 
a  linear  eirplosive  charge.  The  ring  io  designed  to  contain  any  purtlclo  frag¬ 
mentation  from  this  charge  by  the  use  of  a  rubber-liku  material,  PR-1910. 

(BNS  •j-62)  which  con  contain  small  fragments.  The  .primary  function  .of  the 


material  however  ic  to  absorb  much  of  the  shock  of  the  explosion. 


•  ■  .  .  •;  k 
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Structurally* 


load  carrying  member 


li!  tbs  axis  wn*4^.«Wf«yl»tf  fins; *<•  V 

".  7  -'/..A  v,  " 

CoeprsSsibo ’  toad*  'Jkr#  4*fcet<»4''.!iy  •-; 

..  .  *  *  *’  *  *  A  W  _A*  X  'a.!*  _.•»•"  I.  'i  .  A  A  - v  r '' 


of  .the  stage  skins,  tension  load*  by  th#  tttasicfe’tiej  feb  'i&iat  • 

to  reset  all  boost'  flight  load*  a*  well  a*  alio  overpressures.'  ,.>  \  i 

*.  -  y*'  .■  .  • 
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For  additional  detail*  on  the  otdoabe*  used  irf.tfei*  joist,1  tel*?-  t-V'M.  ?■  *  -Z 


Section  5- ».  <  i.v  •>'  •  -V*  .;*•  ..  .v  •  £*  '  •« 
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3 .2.1.3  .  gOOSTHR  6TA0TDC  JEW  (Fix:.  l.I.g.z)  •  'V -:V.  .  *  ‘  ^ 

-  '  ■.  -  ’>•. 

This  Joint  detail  1*  a  section  through:*  cir<5tuafBP*ntlal  Joint  . .  ,,*■ 

>  *.••  : 

U**d  on  the  Minute  nan  elssll*.  lh*  dlaenelon*  given' ore  typical  .>  <  Vi 


J  *  ..  ..•  V  .  •' 


Stage  2  -  Stage  3  interstage. 


«  a r*  typical  of  •tli j  ,-Vj 
,  ••  •  .•  •  -i  •  ■■  ■  ’  -VXl*  , 


.1  X*\ 


The  ring  i*  a  dual  purpose  joint.  It  provide  the  inflight  boocfttr ■•  'r  . 

■  ■  .y  ..  ;  •  . .  /  --fX ?;■  *'  -v* * 

staging  function,  separating  the  upper  stag*  ft  ora  the  expended  sta  &6.  lb':'"'  X}'' 


*  *  *.  .  ?  ,ii, 

•  ’>■  -  .V\  *,  ; 

also  function*  as  an  assembly  Joint  (Baf.  J. 1.2.2/.  "’i  H  'V  >4“ 

.  ..  t:  .  ■  .  •  ,.  •  •••  ”  ‘4 

,■  ;■  :■  -sr.  ,>  : .  »tj 

The  separation  iapulse  to  provide  the  required  Ximotlon  eoeses  /rdst  ;^7a  ■  m 

J:  v:.*4-  "•»  .**  r 

i  *  •  -  v-ii*  *  •  v« 

a  linear  explosive  ebarge.  The  ring  Is  designed  to  contain  any  port  teal  ,  a;,  <  * 

:  <  ;  .. 

fragmentation  froathi*  charge  by  the  use  of  a  rubber *Uke  atateTial, 

>  '.■■!■'  •'  '*'•%  >•  ^ 

(B(G  5-62)  which  can  contain  smll  fragments.  The  primary  function'  of.  the  A,  1  '$£}* 

•  .  *  */  r  ;  .  ^  •  V  •  ‘  V  ;*  V.1/1 

■eterlal  however  is  to  ebsori»  Much  of  the  sbock  of  tb*  exploiloa.  ,*  •  ■„.? 

>*»•  .  •••  --.w '**.?•«  '^.^1 

•  ■  -  -  ■  ■  ".  t  ••■»«,'  ( '4.  >.v>  V 
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Structurally,  the  as  in  ordnance  carrying  ring  1*  not  the  pruayry  ;v-: 

u.>‘ 

load  carrying  aeaber.  Cocgiressioo  load*  are  reacted  tqr- a  birttiim' ta^sttosr'.-  ‘/  ‘..•a 

'  ■. .  -  A. . , ■'!.• h«{ 


of  the  stage  sicins,  tension  load!  fey  the  tension  1?!#*  vflie 
reset  all  boost  flight  loads  as  well  as  silcT  6v#i*prtS»4r*sV  ‘r 

Itt,  ^dltloaal  4M.U*  o.  <k.  MM.  uMd  is  ttl.  JoisC^ .,«£«•  t«  i  ‘ . ' '  ' . 
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FIGURE  3*2. 1-1 
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Thl*  detail  la  a  taction  through  a  circumferential  Joint  »  •'  ^ 

the  HiBSX  Missile.  It  function*  to  neparate  the  lower  (booster)  at*§c  V  ^X„V^ 


the  igiper  (instrunentatioa  package)  atage  darts*  flight. 
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Th*  Joint  primarily  conalata  of  n  eircunferantlnl  ratnlnnr  rl»j|.bbltdrj  • . 
to  the  inside  of  the  fiberglass  aklrt.  The  rln*  contain*  a  linear  al^pa4'.c6a»i^^ 
designed  to  direct  it*  energy  is  an  outward  direction  and  thereby  newer  the  -,'.f 

fiberglass  akirt  circunferentially.  The  retainer  ring  la  not  designed  *}  ^ 

react  any  leads.  It  is  nasslva  enough  however  to  abaorb  shock  fron  the  ‘ 

•'  .  '  ,  ;\v 

explosive  charge.  ..  ** 

Tor  additional  details  on  the  ordnance  used  in  thia  Joint,  refer  to.  : 


Section  5.1 
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DESIGN  LOAD 
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AXIAL  LOAD  -  20UC  lb. 
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CROSS  SECT.  AREA 
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These  Joint#  are  used  to  separata  an  interstage  or  ..  V.‘:  j 

..  am  -  -  ------ ■*-  -  Miii  miit  in  ^  .  I 


motion  into  a  number  of  part#  or  sogpenta  for  removal  from  the  booatsr 


t#l  rather  than  circis*ferencial*and  usually .-fantiio^ '*•••  I ...  1 

■>  »  «  . 1  .k  ,**..■•  s'  W  r 

"  *  *  •,  \V’  ,  4i  * « \ 

;  (Ref.  Fig.  3-1  and  Section .3 >2*1  )• 

-u).  .  m  .  k.  m  Viflhiurtn  and'  -  .  '  V  1  ‘ 


•  fligjht.  They  are  longitudinal 
with  a  circumferential  Joint 

80  dietinetlon  i#  made  in  this  section  between  sepa-ratioa  and' ^  ‘ 


-V 

assembly  Joint#.  Them  Jcint#  have  one  primary  function  which  la  separation* .. 


They  must  be  assembled,  of  course,  but  thio. is  different let ad  from  the  . 


assembly  Joints  discussed  eloewhore  which  are  used  to  assemble - niosile . secticmsV 
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2. 2.2.1  IfflCTSTAOe  LOKOPTUDINAL  JOIRT  (TIG.  ,1. 2.2-1)  .  v,  '  •[;.  \\\* 

This  Joint  is  typical  of  these  used  on  the  Minuteman  missile'  to  ^  V.'.  <<: 
split  both  the  Stage  1  -  Stuje  2  and  the  Stage  2  and  Stage  3  interatsge-  .■/  1  " 

.  *4  ‘  %  .  w.  t 

It  in  used  ir.  conjunction  with  the  circumferential  separetion  Joint  discusped  '  . 

.  w  *  *  *  • 


in  Section  3. 2. 1.1.  The  dimensions  given  are  the  asms  for  both  interatagei,^  • 

*  ♦  .  .  v  ^  .  '^'*'4 

the  only  difference  being  the  Joint  length,  number  in  parenthesis  pertains  y  /  j;.i 

<■  '  ,  .  .  ,,  I-  • ;  > 


to  the  Stage  2  and  Stage  3  interstage. 


The  J  jint  works  -iaultaneoualy  with  the  skirt  removal  Joint  which 


separates  the  skirt  from  the  upper  booster  stage.  At  the  aape  Wat,  the 
ekirt  is  split  into  four  sections,  affecting  both  the  axial  renovaX.’fro 


path  of  flight,  and  the  radial  removal  for  clearance.  The  separation  JapuWa 
providing  this  function  ccwea  from  a  linear  exp^osi:'®,  charge.  The  ring,  ijs  : 


designed  to  contain  any  particle  fragmentation  with  the  mbbar-lijce  riateriaf* 
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The  ring  It  designed  to  retain  til  structural  integrity  throughout 
flight  louds  and  silo  overpressures. 

For  additional  details  on  the  ordnance  uocd  in  this  joint,  refer 


to  Section  5.1 . 
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3.3  OOKBPT  VARIATIONS  (BOOSTER  StAQE  JO  IBS) 

•  '  t  ,  * 

the  Joint  concert  illustrated  on  Figure  2. 2.1-2  Iran  the  final 
configuration  of  several  considered  by  Missile  Structures  Organisation  (2-0»55) 
for  the  Stage  3  to  Post  Boost  Propulsion  System  (PBP3)  saparation  joint  on  '• 
Minutahan  Ill.  Variations  cf  this  final  design  (referenoed  above)  have  bean 
used  elsewhere  on  Minut<wan  III  4s -booster  stage  joints  (Ref.  fig.  2-3)  and  to 
assemble  the  firs*1  aod.uecond  stages  of  BIBBt. 

2be  effort  which  ended  In  its  selection  saw  thirteen  ooncapts  developed 
after  a  baseline  vaa  established.  Figures  3*3-2  end  3*3-3  evaluate  the 
thirteen  concepts  shoui  on  Figures  3*3-^  through  3*3-13  by  comptrison  to  the 
baseline  Joint  Illustrated  on  Figure  3. 3-1. 

figure  3*3-1-  idei.tliles  the  flsgnotea  on  Figureo  3*3-2  end  3*3-3*  ■ 

Iha  baseline,  although  reJuced  in  disaster,  has  the  cane  cross 
secticnal  configvratl' n  as  the  Stage  3  to  Post  Boost  Vehicle  (PBV)  Joint  of 
Kiuute.i-an  II  from  which  it  voa  borro»*d.  Its  design  loads  are  baced  on  the 
require -*ents  of  the  1-2  Interstage  Skirt  P.anoval  Joint  (pert  of  Fig.  A  6T50) 


ns  f  'llc/wnt 


222,100 


A.  First  Stage  Ignition: 

Axial  -  3>s* 
Overpreseuro  •  pale 
Undarprcoeure  -  pci<j 

B.  Maximum  Aerodynamic  Loads: 


Bending  Motnent-in-Lba,  0,950, 000 


Shear  •  Lbs. 


2,300 


The  baseline  characteristics  ere  therefore  qualified  by  similarity  to 
a  jrovea,  adequate  Joint  design. 

She  concepts  developed  in  this  effort  provide  the  designer  with  a 
•  rivtp  -f  design  approaches  and  joint  details. 
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NOTE: 


FLAGNOTE  KEY  TO  FIGURES  3.3-2  AND  3.3-3 


COMPARABLE  OR  LESS  THAN  G&C  UMBILICAL  RELEASE. 

REQUIRE  APPROXIMATELY  4-6  MONTHS  TO  DEVELOP 
JOINT  AND  5  MONTHS  MINIMUM  TO  QUALIFY  THE 
ORONANCE  DEVICE. 

1 .  LOCAL  AREAS  AROUND  RELEASE  PROVISIONS  DO 
NOT  CARRY  COMPRESSION  OR  TENSION  LOADS. 
DISTRIBUTION  INTO  HPC  FWD  SKIRT  OR  PBPS  MAY 
BE  PROBLEM. 

2.  DESIGN  OF  TENSION  BAND  TO  PROVIDE  REQUIRED 
JOINT  STIFFNESS  MAY  PRESENT  PROBLEMS,  <l,e., 
PRE-LOAD,  THERMAL  LOADS,  ETC.) 

ELECTRICAL  INTERFACE  COMPATIBLE  WITH  MGS, 

MECHANICAL  INTERFACE  COMPATIBLE  WITH  STAGE  3 
MOTOR  &  PBPS. 

MECHANICAL  INTERFACE  NOT  COMPATIBLE  WITH 
APPROPRIATE  PBPS  CONFIGURATION. 

FOR  BASELINE  DESCRIPTION  SEE  PARAGRAPH  3,3 
AND  THE  ILLUSTRATION  BELOW: 


G&C  s  Guidance  &  Control 
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tainted  tar.  - . 

•T>’  ■  '  .-y, 
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Ikwm  oo  weh  of  the  total  effort  of  missile  dttlp  IstoIni 
range,  this  section  permits  the  designer  to  Investigate  Joist 
design  loot*,  fund  loo  end  eavirosmental  t 
gult-nts  exclusive  of  the  larger  strategic  vehicles. 

A  look  la  greater  depth  then  usual.  Is  tefctn  st  the  Joints  used  on 
Af0fr-o9A,  both  because  it  represents  current  developsonts  In  the  eeete-d>th*< 
and  because  It  provides  an  overall  picture  of  aa  approach  to  Joist  debits  an 
applied  to  a  particular  vehicle. 

Supplementing  the  AOK-63A  ooncepta,  are  representative  Joists  used  oo 
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other  tactical  end  research  adsslles. 

t.l  AI  «\HPLS  DB31GH  AftWHCI  CASN-69A)  .  ' 

The  A0M-69A  was  configured  into  four  sections  to  facilitate  ■enufecture, 

assembly  and  maintenance.  These  sections  are  the  Payload,  Guidance,  Propulsion 

*  •  » 

and  Control  sections  (Deference  Figure  bHL). 

1  ,  •  #•  ' 

t.l.i  THE  PATLOAD  SECTIOg 

This  section,  of  mcnocoque  construction,  is  provided  a  circumferential 
ring  at  each  of  three  separation  Joints.  Zts  structural  parts  are: 

« 

1.  Inpact  Puse  Body 

« 

2.  Forward  Bose  8hell 

3.  Warhead  Section 

t. 1.1.1  IMPACT  FUSS  BODY  JOUT  (Figure  t. 1.1-1) 

The  Dapact  Puse  Body  interfaces  with  the  forward  Boss  Shill,  tts  eft 


'  .  A 


end  of  tho  fuse  body  has  external  Interrupted  threads  to  permit  Installation  and 
removal  from  tlie  Forward  lloee  Shell  by  rotating  the  Impact  fuse  e  quarter  turn. 
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U. 1.1.1  (continued) 

Riveted  to  the  forward  end  of  the  Forward  Boat  Shell  la  •  steel  ring  designed  to 
accept  the  impact  fuse  Interrupted  threads.  The  ring  Is  asseafcled  to  the  shell 
using  a  sealant  on  the  faying  surfaces  and  fastened  with  aonel  rivets  installed 
using  a  vet  p riser .  a  nylon  insert  is  installed  in  a  longitudinal  groove  In  the  ^ 

steel  ring  for  locking  the  impact  fuse . 

ttoe  Joint  Is  sealed  by  means  of  a  synthetic  rubber  O-ring  located  In  an 
annular  groove  provided  at  the  base  of  the  fuse  body.  Fuse  body  Is  torqoed  to 
9 6  to  110  Inch  pounds. 
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^•l*2  BALLAST  SyPPCM  BULKHEAD  JOIST  (fig.  4. 1,1-2) 

Tto  the  Inside  at  the  forward  flange  of  the  circumferential  forward 
Warhead  Blag  It  bolted  the  Ballast  Support  Bulkhead  Blag.  Three  1/4  inch 
diameter  a hear  bolt*  are  aseenbled  through  the  ballast  and  warhead  bulkhead 
flanges  only,  and  fifteen  are  assembled  through  the  nose  section  shell  ea  well. 
Jtat  plates  are  riveted  to  the  inside  of  the  ballast  support  bul  khead  ring  to 
receive  these  bolts.  About  the  outside  surface  of  the  aft  flange  of  the  forward 
Warhead  Ring,  Is  riveted  the  Warhead  Section  Shell  using  24  aonel  rivets. 

Access  to  the  eighteen  bolt  fasteners  is  provided  by  a  plug  in  the  silicone 
insulation  over  the  bolt  heads. 
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Shell ,  Varheau  Section 

Rivet  (2l*  places) 

f  T)  Ring,  Fvd  Warhead  Section, 
Station  3^*70 
(1'5A?9?U'J) 

0  Rivet  (2  places) 

( y\  -no*  Reduced  Kiad  lV*  Jk.lt 
St  nut  pinto 

(  *0  Rivet 

:  7)  Kino  Ballust  Support 
s-"/  Putyhead 

^  8 )  Shell,  Note  Section 
—  101  -11 

,  Sealant 

.  lo)  External  Ir.cuintic;. 

‘w*  (p/M  tc  fce  added) 

11 '  Sealant 


2024-0  Aluminas 
C<Q-A-250A 
II. T.  -T62 

MS  204-2TM6 

7075-173  Aluminum 
BM3  7-186  Class  111 


MS  2'^26D3 

BAC  B2C£Llt  -6  [t>  4  -5  [j£> 

NAS  10&44 

MS  20«2mD?,  2017-TU 

A1SI  1026,  Cold  Rolled 
Annealed  M1L-3-79J2 

£0£1—  0  Aluminum 
QC>A-?l>0/4 

'i.t. 

Eccobond  211 

9 :-078  Silicone  Bibber 
W/t£  wcart-  Mlerc  Crystals 
Dou  Comiri..  Cor;. 

MIL-S-^Cf!  or  BMS  5-Uk 


E.  Dcnign  C  mr.  ide  rat  *  on  -  Muso  Jhi’il  isized  by  ainslle  ejection  condition  pro¬ 
ducing  the  fcllowin^  ultimate  she]!  load::  - 
«.  4,j^  ihn  tranuverao  shear 

b.  ?2  . *(.'0  inch  pounde  bending  moment 

c.  l*'0  lr.-ib  tnreit  n  moment 

<i.  '<.6  psi  max  external  pressure 

«<  Benign  toiaj .  260*  F. 
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u.1.1.:  DOUBLE  TAPS. BP  SPLINE  JOINT  (FIO.  fc. 1.1-3) 

This  Joint  woe  designed  to  rupport  the  warhead  end  to  mechanically 
interface  with  the  missile  at  tho  forward  end  of  the  electronica  section  by  wsena 
01  a  quick  direcnnect  Joint.  Tho  joint  carries  the  loads  associated  with 

supporting  the  ait  end  o(  tuv  warhead.  In  addition  it  satisfies  tho  design 

com  Mo  ret  lens  ohevn  on  Figure  1. 1.1-3. 

This  Joint  com  ipv  rnt  ion  urea  internal  involute  splinea  to  trensfer 
«hcnr  *ind  torsion  leads  to  matching  external  involute  spliuec  of  the  forward 
Electr.plcs  Sectirn.  A:.iai  loads  arc  transferred  dv  removable  circumferential 

) 

tape rod  splines  vf-i'tn  scat  themselves  in  an  annular  cx oovo  formed  after  t2«e 
Fay load  Section  ia  Joined  to  the  Electronics  Secti.cn.  These  removable  uplines 
are  installed  thrcuqh  an  aperture  provided  in  the  att  steel  ring  at  docking 
ar..-,ie  Uj*.  An  arrunjenont  la  prod -led  for  indexing  one  spline  and  the  other 

ip  driven  it. to  position  using  an  axial  force  of  100  Ihn.  Tto  prevent  6pllne 

baof.ttp,  a  nan.'  on  the  spline  cover  plate  engagett  tho  tronuverse  aeration 
pro” iced  ut  tie  end  cf  the  rplinr*.  The  9piine  accesn  cover  plate  la  bolted  to 
tr.u  fo.uari  Electronics  Section  Bing  by- a  s'rvle  A-?Bo  bolt.  An  0-Ring  in 

t 

tms  oft  Warhead  Section  Ring  forma  an  environmental  ceul  after  the  Payload 
Section  is  sof.h !  nod  v]*n  the  Electronic*  Section. 
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(2^  involute  Splines  (pert  of  5  ) 
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(V)  *'0*  Ring 

,^5  )  Aft  WarbWkd  Section  Ring 
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b.  Design  temperature  for  (a.)  is  250°  ?•  •  -  “v-V^W' 

,  ■  •  •'  *.»*. .*  *»jf* 
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This  Motion  la  actually  assembly  o t  two  moUom  j  thm  SUotrteia* 


*'  l  y 
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CheU  forward  and  the  Ms  tor  Skirt.  Er'enoloa  aft.  Xfce  atroctorol  .Joint  cctagopantm 


an  Identified  u  f ollova ; 

/-*  -  .  '* 

1.  Electronic  Section  Shell  with  an  Integrally  Machined  fitting  at 
the  forward  end  to  accept  payload  Motions  by  nan*  of  a  quick 
disconnect  Joint. 


' » jfi 


2.  Motor  Skirt  Extension 

3.  Raceway  Pairing  and  Umbilical  Carer 

4. 1.2.1  ELECTRONICS  SECTIOH  POflfARD  JOIHT  (Figure  4. 1.1-3) 

The  internally  machined  ring  at  the  forward  end  of  the  Electronics 
Section  Shell  is  designed  to  mechanically  Interface  vlth  the  Payload  Section  as 
part  of  the  Double  tapered  Spline  Joint  described  in  paragraph  4. 1.1. 3. 

4. 1.2.2  MOTOR  SKIRT  ECmSIOS  (Piaufe  4. 1,2-1). 

At  the  Interface  of  the  Electronic*  Shell  forward  and  the  Motor  8klr» 
Extension  is  located  the  ILecToolc  Support  Pitting  (*.ee  Its«  So.  2).  TMs  ,  , 


structural  masher  provides  a  mounting  surface  for  electronic  equipment  and  la 
machined  as  an  Integral  part  of  the  environmental  arid  umbilical  systems.  Its 
circumferential  flange  la  fitted  with  nut  plates  to  permit  attachment  of  a  eon* 
vsntlcma 1  bolted  splint  Joint.  A  similar  Joint  lest  the  support  fitting  provides 
the  Interface  between  the  Motor  Skirt  Extension  and  the  Propulsion  Section. 
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H.T.  205-225HE»a 


^2^*  Motor  Skirt  Extension 
(25-A29067) 


Steel 

433CM 

HXL-S-8699 
H.T.  160-I80kai 


^  Electronic  Support  Casting 
(25A23296) 
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^4y  •  Electronics  Section  Shell 
(2SA2661?) 


Steal 
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In  Inch  Belts 


BAO  B3CC13-16 
(2  places) 
SAC  B30ELS-7 
(27  places) 


(t)  1/A  inch  Bolts 
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^7^  Unbillcal  Support  Bracket 
(25A29260} 


iiAo  1504-4 
(43  places) 


Steel 
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B.  DESIGN  CONSIDERATION 


Critical  condition  is  missile  ejection  vhich  produce*; 


1.  Ultimote  bending  load  of  375,000  in  lb  at  28 2*  P,  $h*ll  teap. 

2.  Ultimate  trannveree  shear  load  of  10,000-lb  at  26?*  7^ 


ihell  temp. 
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4.1.  S  aUTROL  SECTION 

This  section  interface/:  vLth  the  Propulsion  Section  forward  and  the 
Tall  Cone  Section  art. 

3  AFTTP  M1ICE  CASE  ASSEMBLY  JOINT  (FK>.  1.3-1) 

Til"  Joint  provide/,  the  mechanical  Interface  for  attaching  the 
Concre’  Section  to  tw  Prcj/'.dclen  Section.  It  consists  or  a  forged  rirg 
welded  tc  the  aft  end  of  the  rioter  oec:.i^.  The  Hydraulic  Manifold  16  mounted 
s".  tr.c  ins  In-'  of  the  foiled  rlu^  aft  flange  and  the  Control  ;5eetlon  Fa  i  ring  ■ 

:  u-  nouored  or.  the  wtr.l-je  <r  the -seme  .*’I:.rnTe.  In  addition,  the  Kotslc  "hell 
1b  ncte<l  to  the  *;;t,  tor  Case  and  •Kw-"hanienn:’  .it  16  by  a  thieaded  mtiiinlmj 
vln.,,. 

X22EE  TiTiCFE  ( FI  j  .  t.l.v-o  } 

A  nr rr.i  •  c'.oor.re  is  included  on  the  art  end  c  the  no:: tie  stall 
vM’l:  m»e‘..r  •;*■«  rv„t,cr  to  r.nint*ir,  the  ;ro;  elicit  in  0  cm  trailed  e-.vlri.fw.ont 
prior  to  cictor  ;lrlnf.  The  clo?  ro  is  doolcned  to  rupture  cleanly  vhea  the 
motor  .'hai.ber  ,rt-E3ire  riser  v,  17f+  1")  pol  at  first  julre  ignition.  Pie 
cl.  cum  Ic  fv.nrfed  t.*  t!.«  lorr-tu  shell  vl  th  an  epovy  adhesive.  The  surface 
which  : vrv;  the  outer  por.’i iior.r  of  the  rasr Inure  fonts  an  interfnee 
witn  fcr.w  (’-■r.trol  Section  Fairing. 

a.  1.1*  TAIL  0C2K  SECTION 

Pin  single  Joint  of  the  Tail  Cone  Section  provider  the  mechonical 
interface  vltn  the  Control  .lection. 


(-•it  *Q«  TT»£**ITTEM  MATERIAL  only 


-  > 


A*  Part  Haae/lhwtcr 


Q  Hydraulic  Manifold  Forging 


(2.)  Fairing  Shell,  Control  Section 
v-/  (25A26060-U0*ll) 


0  V*" 


Bolts 


(^7)  Silicone  Insulation  (Hug) 

{  50  Motor  Case  Aft  Ring 
v  (20A14004) 


y  Nozzle  Shell 
0  Motor  Case  Retaining  Bing 
,6?)  mC"  Ring  Seal 


B.  Desi-—.  Considerations 

r-';\  TWl\iaCwl£2Mi#  Pam.  5. 3,8. 2 


Material 
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1*1.  -T6 


13  bac: 
(thru' 


Steel 

4335 V,  Air  Melt 
Vacuus  Degassed 
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Saue  as  .0 
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!  I  1  TAIL  POKE  CEPAKATICK  /MT«T_(FH».  1.  !..»>- I ) 

}  T'.f  Toil  Cone  Is  an  ot.'o'l\nanlc  fair'ng  attneheo  to  the  aft  end  of 

the  ACM-t'C'A  raise  lie  to  reduce  drap  toree  durinc  external,  carry  ty  the  ear.  ter 
aircraft.  Hie  tail  rue  renains  attached  tc  the  xinr.ilu  until  rocket  r*ctc'r 
l&ii  hi  cn  occurs  *iuri:.d  laucch.  Motor  ignition  cause,  nroacurc  buildup  within 
the  Tel).  Cent  shell,  uml  at  approx Irately  3?  youndc  per  square  Inch  (psi) 
Internal  pree-nre,  t!ie  Ta*l  Co.u>  nttnehraont  bushings  shear  out,  resulting  in 
nefaratl'ju  of  the  Tail  Cone  jrce  the  aiwsli'*. 

I 

Tnroiv.h-dr'. lie'l  hclca  in  oaoii  of  throe  longitudinal  depre.'Oi'ur.o  in 
tr.«  formal  (I  portion  ef  the  rp-.-n  r-\\  11,  provide  aco*-3"  to  Tail  Ccne  fasteners  at 

clocking  angle  C?t  1^0  and  300  icjreeo,  for  the  atueably/diaaaaerafcly  function. 
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For  Design  Considerations  and  Materials 
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U.2  SELECTED  SMALL  MISSILE  JOINTS 

•  Small  nianile  joint  applications  vli tel:  differ  frosi  approach**  used 
for  AGM-fcyA  aw  p-osinted  in  tills  section  together  with  auch  design  data  as 
vau  available. 
h.L-.l  THE  130)3 

A  thret  Jtaf-e  sounding  vehicl  e,  the  E.\oa  started  vi  th  the  Honest 
Jf.hr  for  its*,  first  l tage.  A  cround-to-rround  artillery  rocket,  Honest  John 
yields  wry  M'h  thrust  for  ever  lour  seconds.  Tho  second  ataje  uced  a  Hike 
boerter.  Third  stage  .as  provided  by  a  version  of  the  Thiokol.  Recruit  known 
os  tne  YnrdbirO,  wnich  had  an  acceleration  capability  of  approximately  80  g'r. . 

M . .  1 . t  BLAST  EIAPHP.A3M  SEPARATION  JOIilT  (FIG.  ) 

Tie  Joint  used  between  the  second  and  third  stager,  serves  both  as  an 
assembly  and  ns  a  separation  Juint.  The  flared  skirt  oil  the  forward  stage  end 
the  coo; ling  casting  bolted  to  the  aft  eta  (re  ore  both  threaded  on  the  outside 
of  th'.’  blast  diaphragm.  Upon  forward  (third )  stave  i .-nit ion,  tha  preuaure 
of  the  exiting  ras  bows  the  diaphroijr.  so  that  the  threads  beoceie  disengaged 
!’»*»  the  fla.vd  shirt,  and  a  clean  rapid  separation  occurs. 

Tils  uyitei.i  la  gene roily  need  between  stage  a  vhTh  aro  fired  in 
succession  without  a  coast  period,  to  avoid  largo  drag  losses  caused  by  the 
relatively  largo  skirt  mounter  and  the  burned  out  preceding  stage. 
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U.3  TOE  JOINT  SELKCTIOff  PROCESS  (SttLL  KIS3:UES) 

4.R.1  An  example  01  the  process  which  permit*  selection  of  a  candidate 
Joint  for  a  particular  application  vac  the  selection  of  the  Double  papered  Spline 
Joint  (Ref.  Fit.  k.1.1-1)  for  the  payload  electronic  section  interface  on 
AGM-6;'r . 

h.J. 2  An  advanced  study  produced  a  series  of  candidate  Joint  concept#,  shown 

by  Fig.  l.<-l.  Each  Joint  wan  compared  against  a  weighted  liat  of  design 
eor.a  lie  rat  ions  having  a  total  numerical  value  of  10.  h.  Ban  the  numerical, 
aaaesonent  indicated  that  the  preliminary  selection  was  Concept  9,  the  Spring 
Loaded  ohear  Key.  However,  in  tl.e  n volution  between  concept  and  design, 
governed  by  more  restrictive  ground  rules,  new  candidate  declgna  were  developed 
(Fit.  ''<2-2)  and  a  ister  selection  vna  made,  namely  the  "Tapered  Spline  Joint**. 
Th<;  prime  considerations  for  selection  from  thin  matrix  ware  weight,  cost,  and 
ovr.liip.tion  for  compatibility  with  mtrotle  sycteir  requirements. 

Consequently,  it  can  bn  aeon  thnt  while  the  Bolted  Joint  hod  the 
lowest  •.■■a'.fcrhb  ond  ccst  figures,  the  missile  cyrter  ren.iirement  for  warhead 
Interchangeability  within  carrier  aircraft  honb  bay,  dictated  the  selection 
0:'  the  Taicred  Spline  Joint  deaig:;. 
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GROUP  ifcDEX  Air  Curried  Mlaallae  -  Structures  ;■  /V; 

AuilECT  Structural  reaeibility  of  Bajtiast  Nlaelle  Joint  Ccaoept 
RSVSraBCSt  (A)  2-5167-0-201  Nlealla  Joint  Concept  Cnveadlua  of  Jtlftslla  Joints 


ZB  4'prsllalnarr  (jiualitativa  structural  evaluation  of  tha nlssila joint  eooospt  cf  ’ 
.VRaf.  (a),  tha  couoepfc  mM  found  to  ba  basically  feasible  .froa-  %  structural  point  of 

view*  ‘  .  ,  ••  «  •.  , , 

la  tbe  analysis  of  a  typical  Biaailo  Joint  application,  the  watlBun  streae  is  the 
.  Joint  v»o  found  to  in  tha  order  of  tOjl  higher  than  tha  aaxliwm  stereos  in  a  carnal 
cylindrical  aaction  of  tha  nlaalla.  Alee*  a  ala a 11a  with  thla  Joint  ocstyarad  to  one 
..  without  has  appro, riaatoly  a  20 ijt  decrease  la  beading  fre<juaney.  < 


A  raooaaModad  change  io  tha  joint  froa  a  structural  point  of  aiav.la  tha 
Of  all  sharp  corners  to  prevent  local  atrcaa  concentrations.  •  . 

v,  A  »orn  detailed  atrcaa  analysis  of  thla  Joint  ocnoopt  would  dep?ik*  on  tha  specific  < 

'  configuration,  might  distribution,  and  stiffness  of  the  aiaaila  in  which  tha  joint  in 
to  bs  used,  FTen  this  tha  nods  shapes  and  frirtnaanln  oould  ba  found  ai&thua,  tha 
effect  of  tha  Joint  on  dynaalo  loads,  control  intaraotloo,  and  tarainal  guidance 
effectiveness  could  bo  datarnlnad. 
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ORDNANCE  SUBSYSTEM  STAGE  SEPARATION ^ND  SKIRT  REMOVAL 

A 


1.  SAFETY  AND  ARMING  DEVICE 

2.  DETONATOR 

3.  BOOSTER 

4.  SAFETY  AND  ARMING  DEVICE 

5.  BOOSTER 

6.  DELAY  BOOSTER 

7.  LINEAR  CHARGE 
6.  LINEAR  CHARGE 
9.  LINEAR  OlARGE 


NOTE.  FOR  COMPONENT  IDENTIFICATION 
SEE  FIGURE  5.1.1-2 
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[ISSUE  SKIRT,  CUT  INTO  FOUR 
ACTIONS  TO  REMOVE 


USf  IOC  DtAWMG  AND  HANDMMTMC  —  NO  TVKWRITTB4  MATERIAL 
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Thie  train  is  a  unique  configuration  for  one  application  ana  la  not 
•eant  to  be  universal.  It  give*  an  idea  of  the  influencing  factors  involved 


in  an  ordnance  separation  Joint  design. 


follows: 


The  sequence  of  event*  which  take  place  la  this  particular  design  is -a* 

a.  Electrical  signal  activates  the  Safe  and  Are  Device  (1)  which 
ignites  the  detonators  (2). 

b.  The  detonators  (2)  explode  and  Ignite  the  linear  charge  (7). 

c.  The  linear  charge  (7)  explodes  and  separatee  the  lover  stage 
booster  from  the  skirt. 

d.  As  the  lover  stage  pulls  away,  it  pulls  the  lanyard  on  the  Safe 
and  Arm  Device  (4),  arming  It. 

e.  Safe  and  Ara  device  (4)  ignites  the  delay  boosters  (6). 

f.  After  a  delay  period,  the  delay  boosters  (6)  ignite  the  primary 
booster  (3). 

g.  Booster  (3)  explodes  and  ignites  th*  linear  charge  (9). 

h.  The  linear  charge  (Q)  explodes  thereby  lilting  the  boosters  ($)• 

1.  The  boosters  ($)  ignite  the  charge  (9)  which  explodes  and 

breaks  the  skirt  into  four  panels  which  are  ejected  by  the  foree 
of  the  explosion.  * 
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5.1,2.x  BAZtTt  A2SD  AMGJD  HWJCX 
5. 1.2: 1.1  MSCBIWIOJI 
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t be  Safety  and  Ajnlttg  (S  k  A)  device  la  a  Bechanlcs  vfcidj  tcratrol* 

tbs  sake  and  break  of  continuity  of  electrical  -firing  circuit*  and  tSa  sake'  '. 

•  1  '  ’*  H  • :  i.  •  '  /  *  ,  '••  ’  • 

and  break  of  continuity  of  the  explosive  train  of  an  ordnance  subsystem.-  twe 

>  •  :  7  ■■  '  ., ,  ,  •’<:■•  '  ■  :  •'/»:,  ■> 

variation  of  this  description  la  for  a  similar  device  containing  no  eaplhelve, 

or  pyrotechnic ' Material.  Such,  a  device  ha*  been  identified  as  Safe  and  Am 


rir  ■ 


switch,  Ana- Disarm  Mechanic*  and  Safety  Svitch,  all  performing  the 

*  f»‘ 

of  nake  and  break  of  alcctrical  firing  circuit*. 


function 


5- 1.2. 1.2  APPUCATIOH 


The  S  t  A  device  la  incorporated  Into  an  Ofdnanee  subsystem  which, 

1  ,  •  * 

If  advertently  activated,  vould  mult  in  a  cataetrophio  lncldect  vitb 
possible  loea  of  life  and  property. 


5. 1.2.2  xmosxvt  msms  mschahxsn 
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txplosive  release  *echanltas  effect  release  of  atryftural  section*; 
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panels,  doors,  pods,  etc.,  by  explosive  or  ga*  pressure  falluae  of  retailing' 

V.  '•  1  .  .•  1  <J '  ...  ¥.-' 

hardware,  lfce  coanon  release  hardware  used  in  explosive  release*  jure  .'expletive-. 

*'•  .  ••  . "  •  r 

bolts,  separation  nuts  (gas  or  explosive  actuated),  linear  charge  and  linear  ,  > 

•  •?:■  =  -  '‘r:.'*;'-*-* 

shaped  charge.  Iks  description  of  each  type  of  release  hardware,  ml* oumm 

.  •  .  *  .  *  V. 
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application  of  aacta  type  la  noted  below.  •  1  \ 
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1.  'The  explosive  bolt  Is  a  special  Wile*  Vaoir^M|^li.l^  ^  Y  ( - 

•  '■  •  »•*.  ”iS  '•  »>'  v  •<  t  \ 

fractured  by  an  internal  explosive  f barge.1  Tba  i*x^lMnve.  .dsdenfe  j...  .V  . 

a  high  order  detooatlon  aaterial  either  pemanently  loaded  durt hg  se'auJUtW  X  V 
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Continue 

configurations  of  explosive  bolts,  Boat  of  which  have  considerable  bleat 
and  fragmentation  when  actuated*  A  few  manufacturers  do  aUta  that  thatr 
explosive  bolt  win  ope rote  with  no  blast  or  fragmentation. 

C.  APPLICATION 

fetploliv*  bolts  are  used  to  relsase  tension  and  a bear 
load*.  The  application  to  relsase  taaka  requiring  simultaneous  actuation  of 
.tor*  titan  four  release  points  in  not  rccoeamnded  beoauae  of  reliability 
poralties* 

Design  for  explosive  bolt  application  should  include 
evaluation  of  load  ratlnga  va.  weight  and  envelope  of  the  bolt,  weight  and 
envelope  of  structure  and  for  ahock  and  bloat  effects  of  the  particular 
bolt  belog  considered*  The  design  should  also  provide  for  installation  of 
explosive  ctnlrldge*  after  bolt  installation  la  coupleto. 
b,  SEPARATION  NlfT 
1.  DESCRIPTION 

The  separation  nut  is  designed  for  installation  In  a 
wanner  elttllar  to  a  regular  nut  In  structural  Joining  except  that  It  vill 
release  the  load  when  actuated  by  an  explosive  or  gas  generator  charge*  In 
tho  preferred  configuration,  the  explosive  or  gas  generated  charge  is  contained 
in  a  seporoU  component  to  be  Installed  after  the  assembly  operation  Is  complete* 
There  are  several  configurations  of  release  nuts  ranging 
between  the  release  of  gas  and  fractured  sections  of  the  nut  to  those  which  . 
release  no  gas  or  fractured  sections  when  actuated.  Each  type  will  perform 
a  satisfactory  release. 
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5. 1.2. 2  Continued 

2.  APPLICATION 

The  release  nut  must  be  used  only  to  release  tension  loads. 
Clearance  boles  for  the  sating  bolts  are  required  to  allow  bolt  pull*out  when 
the  release  nut  la  actuated.  Shear  loads  oust  be  controlled  by  shear  pine  or 
similar  means. 

Those  release  nuts  actuated  by  high  order  detonation  will, 
in  Most  cases,  release  sons  explosive  blast  to  the  surrounding  area  but  are 
relatively  free  from  harmful  fragmentation.  In  one  application  such  a  device 
has  been  enclosed  In  a  light  weight  container  and  qualified  for  use  in  an 
explosive  atmosphere.  Release  nuts  actuated  by  gas  pressure  will  release  { 

very  little,  if  any,  gas  and  will  generate  no  shock. 

Release  nuts  will  normally  be  load  rated  in  accordance  with 
the  load  rating  of  the  mating  standard  bolt. 

Release  nut  application  to  release  tasks  which  require  si*ul> 
taneous  actuation  of  more  than  four  points  is  not  recotmended  because  of 
reliability  penalties. 

c.  LINEAR  CHARGE 
1 .  DESCRIPTION 

Linear  charges  are  relatively  lightly  loaded,  continuous, 
explosive  chargee  encased  in  metal ic  or  plastic  tubular  containers.  The 
linear  charge  Is  also  known  as  Mild  Detonating  Fuse  (MDF ) ,  Prlma  Cord,  and 
Low  Energy  Detonating  Cord  (LSDC).  The  explosive  specified  ior  most  installs* 
tlons  la  lead  or  aluminum  encased  RDX  or  PETH  because  of  high  reliability, 
low  cost,  temperature  tolerance,  safety  and  a  high  detonation  velocity  with 
resultant  high  energy  chock  wave  release. 
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2.  AJPKJCATICa  v 

.  '*  ... 

Linear  explosive  Is  used  to  rupture  struct urol  fitting^  - 
for  separation  of  alaslle  sections  and  for  propagation  .of  detonation  fro* 
one  point  to  another  In  an  explosive  subsystem.  RDX  explosive  has  been 
qualified  for  use  at  altitudes  above  200,000  feet  In  the  Minuteaaa  stage 
separation  syste*.  There  has  been  no  vork  done,  however,  to  verify  perfor¬ 
mance  of  any  linear  explosive  after  long  exposure,  (up  to  one  year),  to 
space  envlronaeat.  The  application  of  explosives  to  any  task,  while  exposed 
to  cryogenic  temperature,  any  cause  extreme  performance  variation,  sea 
reference  d. 

d.  LINEAR  SHAPED  CRAfOB 

1.  DESCRIPTION 

Linear  shaped  charges  are  similar  to  itea  c,  Linear 
Charge,  except  that  the  cross  section  Is  shaped  to  focus  a  high  energy  streaa 
In  a  predetermined  direction  to  produce  a  cutting  action.  The  linear  shaped 
charge  Is  also  known  as  "flexible  Linear  Shaped  Charge  (PLSC)". 

2.  APPLICATION 

Linear  aL.iped  charge  (PLSC)  Is  used  to  cut  a  structural 
material  for  vehicle  destruction  and  to  separate  sections  fro*  a  vehicle. 

l 

The  explosive  cutting  performance  Is  predictable  for  any  of  the  cocoon 
explosive  loads  except  at  cryogenic  temperatures. 

The  Installation  of  FISC  la  most  often  accomplished  .  , 
during  structural  assembly  because  of  the  requirement  for  accurate  location 
and  orientation.  The  structure,  with  explosive  Installed,  oust  then  be 

•  t  . 

considered  an  explosive  coopooent  and  will  require  special  restrictions 
during  storage  and  shipping. 


s*  Mil  1414  MV  .  I.»l 


-  >*;V  ■  J 


'  ■  ■  •  /  > .  '•  » (  f.. 


5.i.a. 3  Booscno  .- 

■  nocjainw  ’••'.;■*•■  7 

‘  -  „  ’  •  ■  '  .  :  '  ’  .  '**•  A  * 

*  1ft*  tooot^r  la  an  au£MfitUig  explosive  or  pyrotechnic  cc^poneot 
of  moderate  sensitivity,  which  la  used  la  the  explosive  or  p/rotechplc  train 
to  step-up  the  energy  output  of  the  primary  material  to  Initiate  the  ■  compare-  - 
tively  Insensitive  aaln  charge,  the  booster  stay  be  la  the  font  of  pressed 
pellets  or  in  shaped  containers  aa  required  by  a  particular  system,  see  Figure. 
5. 1.1-2  for  additional  example. 

AFFLICTION 

Boosters  ^111  be  applied  to  the  Initiation  train  of  explosive 
coaponents  to  step-up  the  detonation  rate  and  energy  release  of  the  Initia¬ 
ting  or  donor  couponed!  to  a  level  required  to  detonate  the  base  charge  * 

>.  i  . 

or  receiver  component  or  aa  eiqplosive  train. 

Boosters  nay  alao  be  applied  to  the  initiation  train  of  a  gas 

i 

,  * 

generator  or  solid  propellant  motor  to  step-up  the  release  of  hot  gases 
and  burning  particles  Into  the  aaln  charge  for  eore  rapid  build  up  of  aaln 
charge  gas  pressure. 

In  both  of  the  above  syatems,  the  booster  aay  be  incorporated  •  * 

only  to  reduce  the  total  quantity  of  sensitive*  primary  explosive  In  the  .  „ 1  ‘ 

initiation  components* 

In  the  developawnt  of  new  explosive  or  gaa  generating  tyrteee,  it 
is  often  possible  to  use  an  off^the-ahalf  booster  la  the  initiating  train. 

This  aust  be  done*  however,  with  Mil  cooperation  of  the  booeter  aanufaetu- 
rer  since  an  Incorrect  selection  could  compromise  system  performance. 
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An  initiator  la  the  firat  component  activated  in  an  ordnance  train; 
It  is  activated  by  either  electrical,  gaa  pressure,  or  mechanical  means  to 
start  the  chain  of  events  which  results  in  ignition  or  detonation  of  the 
naln  charge.  The  tern  "initiator"  la  also  used  to  identify  some  components 
in  a  seat  ejection  systea  which  may  not  ba  the  first  units  fired*  However, 
the  function  is  basically  the  sane  as  noted  above. 

Initiators  are  Identified  by  the  following  common  names: 

a.  Detonator  -  An  initiator  loaded  with  a  high  order  detonation 

material  to  initiate  detonation  in  an  explosive 
charge . 

b.  Squib  -  An  Initiator  loaded  with  a  flame  and  gas  producing 

material  to  ignite  deflagration  type  devices  such 
as  gas  generators  and  rocket  motor  Igniters.  The 
term  "squib"  is  also  a  common  slang  term  used 
conversationally  by  some  people  to  identify  any 
initiating  device  or  wall  pressure  cartridge. 

(This  use  creates  some  confusion*) 

c.  Primer  -  nomenclature  used  by  some  organisations  for  elec¬ 

trical  or  mechanical  fired  Initiators  vhleh 

accomplish  the  same  functions  described  In  1  and 

•* 

2  above. 

There  are  two  basic  types  of  elsctricnlly  fired  initiators,  t&t  * 
conventional  hot  wire  and  the  explosive  bridge  wire  -{BSW)  types.  Tbs  appoar- 
•nee  and  function  of  each  type  Is  quite  similar*  Bomiver,  the  control  sab- 
•JutaM  differ  'msMidmmsIly. 
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An  initiator  la  uud  to  start  every  detonating  or  da.rlftffrati.ng  ■ 

'  ' .  *  • .  *  '  '*  t 

function.  It  uiay  be  gertaaaeotly  assembled  in  the  pyrotadfcnis  p&exploii?ei '.  ^ 

.  1  .  .  *  -  .  i.  ,  *  \ 

train  (such  aa  a  primer  in  a  rifle  cartridge )  or  preferably  designed ;  tor  ' 
installation  after  ths  xmaindsr  of  the  subsystem  baa  be**  iaatslled  or v 


asaewbled. 


Every  precaution  should  be  taken  to  preclude  the 


of  a  sirup 


botvean  detonation  and  deflagrating  type  Initiator*  in  any  installation, 

Th*  tvo  functions  are  not  interchangeable  end  vill  probably  result  in  a 
Cialfunotien  if  improperly  applied. 

The  application  of  initiators  to  systems  that  vill  M  Sjqpossd  to 
space  environments  for  long  periods  prior  to  actuation,  can  only  be  scoot** 
plished  vith  some  risk,  and  verification  of  performance  folloving  sueh  , 
exposure  may  be  required.  '  *  . 

Kleotrlcally  fired  initiators  are  normally  incorporated  into  a 
subsystem  in  ouch  a  manner  that  a  duplicate  capability  la  achieved  vhich 
moat  often  includes  dual  sources  of  power,  dual  svitebiug,  dual  wiring,  sod. 
dual  brldgevlres.  The  dual  brldgevires  may  be  incorporated  ns  tvo  bridgewired 
in  cne  initiator  or  tvo,  single  bridgevire  initiators.  In  the  dsse  of.  U» 
single  bridgevire  initiators,  either  initiator  oust  be  capable  of  performing 
the  semplete  function. 
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5.1.2. 5  LIST  OF  REFERENCES 

Document  D2-24013-1,  "Ordnance  Component#  And  Subsystems  Design 
Guide",  snould  be  referred  to  when  designing  ordnance  activated  separation 


Joint  systems.  In  addition  the  following  references  are  provided » 


a.  D2-2U052-1 


b.  ATM  127-100 

c .  ORDP  20-270 

d.  T5-6025 


«.  MIL- 1-23659 


Electro-Explosive  Initiation  Systems, 
Design  Guide  Lines 

Explosive  Safety  Manual 
(Air  Force  Manual) 

Propellant  Actuated  Devices 
(Library  File  No.  Uf»5  F  20-270) 

Test  Report,  Explosive  Performance  In 
Extreme  Cold  (Saturn) 

(U.  S.  NAVY  -  BU-VEAP)  Initiators, 
Electric,  Design  and  Evaluation  of 


f .  AFETRP  8C-2  Oeneral  Range  Safety  Plan 

(Air  Force  Eastern  Test  Range  Pamphlet) 

g.  Machine  Design,  July  U,  1968,  (pp  116  -  122)  Designing 

VI th  Explosive  Devices  -  Robert  F.  Reinking, 
Project  Engineering  Supervisor,  Aerospace 
Components  Dlv.,  Atlae  Chemical  Industries, 
Inc.,  Valley  Forge,  Pa. 
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5.2  JOIST  TRADES  EXERCISE 

Frequently  the  designer  Is  faced  with  the  selection  of  a  Joint 
concept  from  a  number  of  available  alternatives.  The  use  of  a  manufacturing 

i 

approach  to  make  the  decision  is  demonstrated  by  the  following  example  vhioh 
uses  case  segmented -joint  concepts  developed  in  the  Minuteman  Program. 

5.2.1  MrutUFACTURnKJ  CONSIDERATIONS 

The  six  Joints  shown  on  Figure  5.?. 1-1  have  been  evaluated  on  the 
basis  of  produclbillty  in  terms  of  fabrication  tine,  field  assembly  time, 
and  the  relet.vc  Importance  of  the  two.  Parts  for  each  Joint  eoooapt  are 
interchangeable.  . 

5. 2.1.1  SUMMARY 

Of  the  Joint  concepts  considered,  th“  taper  pin  and  clevis  Joint  have 
been  selected  as  being  the  incst  desirable  in  terras  of  produclbillty.  The 
Joint  requires  more  Inst  a",  inti  on  effort  than  some  of  the  others.  However,  the 
findings  indicates  tiu.t  initial  fabrication  time  far  outweighed  field  assembly 
time  for  the  program  concept  of  which  this  study  vac  a  part. 

The  primary  advantage  of  the  taper  pin  and  clevla  Joint  design 
concept  Is  that  it  somewhat  relieves  the  requirement  for  close  hole  align¬ 
ment  that  moat  other  designs  require.  This,  of  course.,  reducer  part 
fabrication  costs. 

5.2. 1.2  DESCRIPTION 

5.2. 1.2.1  STRAIGHT  PIN  JO L’fr  {Concept  No.  l) 

Joint  Concept  No.  1,  the  clevis  and  straight  shear  pin,  would 
require  both  the  highest  fabrication1  ti«e.  and' the  highest  assembly.  time  of 
all  the  Joints  examined.  The  reasons  for  this  are  the  extraordinary  dimeq- 
tional  tolerances  that  would  have  to  be  maintained  in  making  the  rings,  and 
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the  level  of  alignment  precision  required  in  th*»  Joining  operation.  The 
Joint  Id  unlike  the  present  Minoteman  Joint  in  that  the  fart«*nerB  carry 
the  compression  load.  This  requires,  that  there  be  a  close  (Clasc  l)  fit 
between  pin  and  matching  holes.  The  Joint  Ik  similar  in  concept  to  the 
type  of  shear  Joint  used  for  Eomarc,  tut  Bomare  had  a  3  foot  diameter 
whereas,  this  design  is  for  a  1C  foot  dlgaefer.  Of  even  greater  signl.fl- 
caOC'*  lu  thy  method  of  assembly,  rfheress  Eomarc  Joints  could  be  assembled 
only  with  the  -ilci  of  elaborate  helling  fixtures  und  the  most  careful  atten¬ 
tion,  this  Joint  (No.  1  on  Fig.  can  be  assemble!  with  a  minimum 

of  mechanical  aide  and  in  a  suspended  mode. 

To  Injure  .tuccesa  of  audibly,  the  tllaiers tonal  accuracy  of 
the  reln*ed  parts  must  be  near  pe^f^ct,  Ko-msil  tolerancer.  for  mant«r 
tool  com  true t Ion j  hole  coordination,  axial  alignment  and  closeness  o" 
fit  between  pin  and  holes  ru  ;t  >e  abandoned  in  favor  of  super  precision 
work.  Increasing  accuracy  requirement  :  from  thoucAr.dths  of  an  Inch  to 
tenthoui-.andths  of  an  ln"h  would  have  a  marked  effect  on  fabrication 

5.?.j..'.2  TAPER  PIS  JCTN?  (Concept  Nr..  ?) 

Although  at  ftrst  nppe-nn.ise  this  design  concept  appears  to  ha 
about  equal  In  complexity  to  the  atraijht  pin  concept.  In  reality  they 
repreaent  ojiposite  ends  of  the  producibj lity  spectrum  in  term*  of  fabrica¬ 
tion  cout-t,  although  there  remains  come  question  as  to  whether  or  not  the 
taper  pin  design  here  considered  can  be  made  interchangeable,  it  was 
assumed  tbu*  a  satisfactory  design  can  be  achieved.  3uch  a  design  would 
provide  for  h  positive  fit,  with  no  allowance,  while  at  the  sane  tine  the 
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individual  part  tolerance  could  be  relatively  large.  It  it  this  lean 
precise  dimensional  control  that  brings  the  cost  of  fabrication  dovn,  and 
the  positive  seating  of  one  Joint  ring  on  the  other  (as  on  present  Minute- 
man)  that  reduces  the  asaenbly  tiae. 

5. 2. 1.2. 3  TAPER  PIH,  THREADED  (CONCETT  MO.  3) 

The  threaded  pin  concept  is  more  expensive  to  fabricate  than 
the  6iop.le  taper  pin,  because  of  the  threads,  taps  and  the  need  for  a 
separate  tapered  insert.  Threaded  parts  are,  of  course,  more  subject  to 
damage  than  most  other  kinds  of  fasteners  and  the  inserts  would  have  to  be 
replaced  if  the  threads  were  t.o  be  damaged, 

•iareobly  time  for  the  threaded  taper  pin  is  greater  thnn  that 
for  the  simple  tapertn  pin  beoa’»»s  a  more  prerice  alignment  relationship 
must  !e  achieved  prior  to  pin  insertion.  On  the  other  hand,  disassembly 
should  require  lose  tim*  because  the  pins  can  be  extracted  directly.  The 
simple  t&r*r  rlne  may  have  to  be  freed  by  a  puller  device.  Finally,  the 
effectiveness  ol  a  tapered  threadel  bolt,  particularly  In  vibration,  lr 
highly  questionable. 

5.3.1.P.Ji  TAPER  rr’.OIASS  CASE  (CONCEPT  NO.  1) 

There  would  be  a  flight,  increase  in  fabrication  costa  for  this 
design  over  a  alalia**  Joint  type  in  a  steel  case.  The  difference  would  be 
due  to  a  requirement  for  special  drilling  procedures  using  high  speed, 
diamond  Impregnated  cutting  tools,  nnd  sn  expected  higher  frequency  of 
part  rejection.  Assembly  time  should  be  identical  with  that  raqulred 
for  th<;  steel  case  application. 
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The  lockstrlp  design  1*  moderately  more  expensive  to  produce 

than  the  taper  pin.  Although,  like  the  taper  pin  desl^a,  it  can  be  produced 

1 

) 

using  normal  fabrication  tolerances,  it  has  nor©  surfaces  and  more  complicated 
surface  relationships  that  necessitate  the  higher  fabrication  cost*.  Because 
of  its  6elf-alignlng  characteristics,  it  requires  the  least  assembly  time  of 
all  the  designs  considered.  If  the  frequency  of  assembly  and  dl casserobly 
vere  to  be  relatively  high,  the  lockstrlp  would  be  a  good  design  choice. 

5. 2. 1.2.6  LOCKSTR  IP.  GLASS  CASS  (CONCEPT  HO.  6) 

As  can  readily  be  seen  from  the  drawings,  the  additional  complexity 
associated  with  attaching  aetal  rings  to  fiberglass  case  structure  would 
substantially  contribute  to  the  cost  of  this  design  concept.  The  assembly 
time  would,  of  course,  be  the  same  as  that  ror  the  ether  lockstrlp  Joint. 

5.?. 1.3  ANarnis 

5.1’. 1.3*1  REUTIVE  PRCDUTIBILITI  (FIGURE  5*2*1-P) 

The  direct  factory  manhours  associated  with  the  actual  fabrics* 
tlor  of  the  various  Joint  ring  design  concepts  tend  to  vary  over  a  rather 
wide  range,  from  3^0  manhours  to  900  manhours.  This  is  a  ratio  of  2.65 
between  the  costs  of  the  most  expensive  design  and  the  least  expensive. 

Tooling  costs  ver.*  not  lncludad  becuuse  of  the  uncertainty  of  amortisation 
factors,  but  If  they  had  been  considered,  the  spread  would  be  even  greater. 

Th*  design  concept  considered  to  have  the  highest  fabrication  coats  would 
also  require  the  most  expensive  tooling.  A  aore  detailed  explanation  of  these 
ite tenants  appears  later. 
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RELATIVE  PRODUCIBIim  OP  ENGINE  CASE 
SEGMENTING  JOINT  CONCEPTS 


Joint  Type 

Parts  Fabrication 
Estimated  Manhours 

♦Relative 

Produclblllty 

1. 

Straight  Pin 

900 

2.65 

2. 

Taper  Pin 

31*0 

1.00 

3. 

Taper  Pin,  Threaded 

500 

1.47 

4. 

Taper  Pin  (31ab«  Case) 

400 

1.18  ' 

S 

Lockstrip  (Steel  Case) 

380 

1.12 

6. 

Lockatri;  (Glass  Case) 

700 

2.06 

FIGURE  >..\l-2 


*  Baaed  on  the  establishment  of  1.00  for  baseline  and 
assigning  this  value  to  the  leaat  expensive  design 
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The  aaohour*  associated  with  aesenbly  and  dleaseeUbly  functions,  although 
auoh  smaller  la  magnitude,  vary  ovar  a  range  almost  aa  great  aa  that  required  for 
part  fabrication.  Mara  tha  ratio  la  1  i  3.26  between  the  least  and  the  most  tine 
consuming  conoepts.  This  could  be  of  real  significance  if  aasenbly  and  disassembly 
bacaaa  a  frequent  occurrence,  and  In  any  cut  la  laportant  from  the  standpoint  of 
poaaibly  prolonging  the  field  aeaenbly  operation. 

RELATIVE  ASS1-XBLY  .EASE  ASSOCIATED  WITH 
fflMINE  CASS  3ECMETTIMQ  JOLT?  CONCEPTS 


Joint  Type 

Estimated  Manhours 

•Relative 

Assembly 

Dis-Assembly 

Assembly  Ease 

1. 

Straight  Pin 

7*5 

7.0 

2.26 

2. 

Taper  Pin 

4.0 

6.0 

1.56 

3. 

Taper  Pin  Threaded 

6.7 

**•7 

1.78 

u. 

Taper  Pin  (Glass  Case) 

.  4.0 

6.0 

1.56 

5. 

Lockstrlp  Cw'ic) 

3.0 

3.4 

1.00 

<>. 

Loekatrlp  (Glass  Case) 

3.0 

3.4 

1.00 

FIGURE  5 .2.1-3 

*  Baaed  on  the  eatabllahnent  of  1.00  for  baseline,  and  asalgalng 
this  value  to  the  design  requiring  the  least  aaseably  and  dis¬ 
assembly  tine. 

5.2.1. 3. 3  CONCLUSIONS 

It  can  be  seen  froa  Figure  5 ,2.1-2  that  the  taper  pin  Joint  concept 
la  tha  eaaleat  to  fabricate,  anrf  f ron  Figure  5* 2.1-3  that  the  loekatrlp  joint 
coacapt  la  the  eaaleat  to  aaaemble.  Tha  loekatrlp  ie  somewhat  more  coatly  to 
fabricate  than  the  taper  pin  concept,  while  the  latter  is  about  1  1/2  tine*  sore 

tine  conaiialnn_tO  testable. - - -  - - - ...... 
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$.2. 1.3*3  (Continued!) 

There  are  no  doubt  several  criteria  by  which  the  relative  importance 
of  these  different  manufacturing  operations  might  be  meaeured.  In  the  abeenee 
of  specific  direction  in  this  matter,  however,  cost  vas  assented  to  be  the 
primary  factor.  On  the  basic  of  cost  above,  It  would  be  neceseary  to  perform 
the  assembly  and  disassembly  operation  12  tiaea  before  installation  coats 
would  exceed  initial  fabrication  costs.  Since  the  operational  concept  being 
considered  call6  for  only  6  removals  per  wing  per  year  after  Initial  emplace* 
cent,  it  would  be  about  10  years  (the  equivalent  of  the  field  life  of  the 
weapon  system)  before  assembly  co3ts  associated  with  Joint  design  equaled  the 
initial  cost  of  Joint  fabrication. 
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MINIMUM  SEALING  STRESS  FOR  REPRESENTATIVE  WONKZTALIC  GASKETS 
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6.0  JOLVT  DESIGNS  FOR  LARGE,  SEGMENTED,  TIUM3XX  WOURD  MOTOR  CASES 

* 

Because  their  potential  la  to  great,  much  eephaala  la  currently  being 
placed  on  developing  large  segmented  rocket  motor  cases •  To  realize  weight  and 
cost  savings  from  the  use  of  fltoerglaeo  in  such  applications,  a  lightweight 
reliable  mechanical  Joint  is  required.  However,  the  low  bearing  sad  shear 
strength  of  resin  laminates  force  the  engineer  to  develop  unique  Joint  designs 
encompassing  metal  to  fiberglass  or  even  fiberglass  to  fiberglass  laminates, 
capable  of  developing  the  full  strength  of  the  basic  fiberglass  structure. 

6.1  MOTORCASE  CONCEPTS  CONSIDERED 

6.1.1  In  this  section,  Joint  designs  are  considered  for  the  two  promising 
concepts  for  segmenting  filament  wound  rocket  motor  case3  Illustrated  in 

♦ 

Figure  6. 1.1-1.  These  are  (a)  the  circumferentially  segmented  case  (or  segmented 
concept),  and  (b)  the  longitudinally  segmented  case  (or  modular  concept).  The 
segmented  concept  consists  of  a  forward  closure,  aft  closure,  and  cylindrical 
center  serpents  connected  by  lightweight  pinned  Joints.  The  modular  concept  la 
an  assembly  of  several  modules,  composed  of  filaments  oriented  on  meridional 
lines,  that  form  portions  of  the  forward  and  aft  closures  and  are  mechanically 
fastened  to  the  forward  and  aft  polar  rings.  The  outer  cylinder  is  of  prefabrl-> 
cated  hoop  rings  or  clrcumferentJ al  windings. 


6.1.2 


SECMKNTED  CASK  LIGHTWEIGHT  JOINT 


6. 1,2.1  Since  mechanically  fastened  Joints  are  neceesnrily  thicker  than  the  case( 
they  offer  greater  restraint  to  radial  expansion  than  does  the  case.  If  the  Jolnti 
are  reinforced  with  rteel,  the  differential  growth  is  further  exaggerated  by  the 
contract  In  elastic  moduli  (10.5  *  10®  psi  for  glass'Vs  30  x  10®  pal  for  steel). 

To  minimize  the  contrast,  use  Is  made  of  the  ability  of  the  filaments  to  orlsst 

themselves.  If  the  Joint  Is  located  at  the  tangent  point  of  the  closure  tad  tha 
cylinder,  the  closure  contour  and  Its  filament  path  can  be  reedily  adjusted  to 
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Ha  •  Longitudinal  Force,  Coopreaalon 
■  Longitudinal  Force,  Tension 
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€.1.3  MOOUtAR  MOTOR  CASi  OOKffT 

6rlo.X  The  two  basic  *1  sweats  of  the  nodular  concept  or*  the  nodal#  and  the 
hoop  ring.  9m  nodules  art  preforaad  and  preemrad  with  all  fibers  orient**  la  the 
longitudinal  directloa,  extending  beyoog  the  tangent  11m«  to  fens  either  or  both 
donee.  The  dost*  described  bp  tbe  nodules  consist  of  only  longitudinal  fibers, 
hence,  their  contours  suit  describe  •  "ao  hoop  load  doaa"  which  is  discussed  ia 
graatar  dsuil  ia  the  "Dow*  Analysis"  saetioo  of  Reference  (a.)  .  9m»  circunfe* 
raotlal  strength  of  th«  eylladrloel  soetiow  is  supplied  by  hoop  rings  *»ieh  aro 
fitt*d  over  the  assembled  nodules.  Iheae  hoop  rings  also  consist  of  procured  and 
preformed  vmldlr actional  .ibera. 

6.X.3.1.1  musai  (ttp8  a  ) 

The  tension  load  in  the  nodule  is  transferred  lute  steel  foil 
vblcb  le  integrally  wrapped  with  the  nodule.  The  foil  la  turn  carries  the  load 
Into  a  bolted  Joint  connecting  the  adapter  ring  (Reference  Figure  6. 1.3-1).  Tbe 
analysis  Is  basically  similar  to  that  presented  for  the  segmented  Joint  referenced 
In  6. 1.2-1. 

6.1. 3.1.2  MODULE  JOUTT  (TTPB  B) 

This  light  weight  clevis  Joint  provides  s  unique  design  which  al  Inina  tee 
bending  and  assures  strain  compatibility  at  the  polor  ring  equal  to  that  carried 
by  the  outer  plat*. (reference  figure  6.1. 3-2). 

6.1. 3.1.3  FABRJCATIOf  PRQ8UMS 

Steel  sheets  desired  to  carry  benrlng  loads  la  the  Joint  areas  are 
leal  ns  ted  between  the  glass.  Any  necessary  reloforc  inset  or  filler  cloths  are 
added  in  conjunction  with  the  steal  Inalnates.  When  loading  pernlts,  the  skirts 
are  wrapped  as  an  integral  part  of  a  hoop  ring  instaad  of  using  tbe  elnatoaerie 
bond  discussed  in  6.1. 2.2.1  (Reference  Figure  6. 1.3-3),  the  following  requirenente 
danand  extreae  care  in  lnalneting  the  steel  with  the  nodule* 


Wj  *  Loagltudlaal  Tore* ,  feaeloo 
Rjj  “  Any  Radius 

wools  tom  (rm  a) 


Outer  Plate 


*1  •  Radius  to  4  of  Doae 

*»  ■  Badiiie  Coordinate  to  Polar  loll 


routs  #o m  (to*  ») 


use  KM  OftAWMG  AND  MANDNUNttoG  —  NO  TYrCWtfTON  MMCWI 


•m  FOR  TTRI •»|TT(M  MATERIAL  OWLT 


.««  £f& 7&£Af&  COM#*N* 


NUMBEf  D2-1259J1-1 
REV  LIR  A, 


6.1. 3.1.3  (Coat'd) 

A.  Positive  positioning  mad  holding  of  the  foil  from  vladiag 
through  ear*. 

B.  A  Msooth  transition  Into  the  joint  Maintained  to  prevent 
bridging  or  winding  Material. 

C.  Provisions  to  guarantee  that  during  the  cure  cycle,  the  greeter 
coefficient  of  thernal  expansion  of  the  foil  is  recognised  and 
that  steps  are  taken  to  einiaise  the  difference. 

r.  The  foil  shall  be  cleaned  and  prised  in  order  to  provide  a 
bond  capable  ox  carrying  large  cheer  loads. 
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6.2  RSCSR  3SATl-OF-TEE*ART  DEVELOftGSffiS  IB  TO  Sltt  JOUff  OOSCKPt 

Building  on  earlier  technology,  tht  Bead  lx  Corp.,  conducted  mertudy 
that  la  considered  typical  of  similar  efforts  conducted  By  other  source*  end 

V 

represents  an  advance  In  the  state-of-the-art  of  ahln  Joint  ooa— #t  developsMUt* 
The  info run ttoa  source  is  Identified  by  reference  (b)  together  with  related  refer¬ 
ences  (a),snd  (c)  through  (i)  of  paragreph  6.3* 

6.2.1  ABSTRACT  0?  REFERENCE  (b) 

This  report  Ascribes  a  shim  Joint  concept  that  was  developed  to  Improve 
the  efficiency  of  Joints  for  attaching  to  composite  material  structural  cambers* 
rhe  ohla  Joint  concept  reinforces  the  composite  material  la  the  region  of  the 
Joint  with  thin  metallic  layers  which  permits  employing  a  conventional  shear  pin 
Joint  between  the  composite  members  and  a  mating  fitting.  Design  parameters  ere 
defined  and  design  data  ure  established.  Improved  methods  for  fabricating  the 
reinforced  tube  ends  and  improved  testing  fixtures  ore  developed.  An  advanced 
optimisation  technique  has  been  applied  to  the  design  of  the  shim  Joints.  It  la 
shown  that  design  parameters  can  be  optimised  conveniently  by  the  structured, 
synthesis  approach  in  determining  the  minimum  weight  configuration.  The  results 
indicate  that  the  shim  Joint  concept  can  be  aucceeefully  applied  to  composite 
members  without  prohibitive  attachment  wolght  penalties. 

6. 2.1.1  TYPICAL  SHIM  JOINTS 

It  has  been  determined  that  structural  tubss  fabricated  of  composite 
materials  would  be  lighter  than  tubes  aade  fron  more  conventional  materials  such 
as  steel,  aluminum,  or  titanium  alloys,  however,  evrn  though  structural  members 
can  be  made  lighter  >Hth  composite  materials  than  with  the  more  coom  natal 
alloys*  the  weight  of  reinforcing  composite  lube  ends  and  Joining  then  to  end 
fittings  will  impose  penalties.  As  a  result,  tht  significant  weight  saving  poten¬ 
tial  of  composite  materials  may  trod  to  be  offset  somewhat  by  thn  weight  penalties 
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imposed  by  Joining  the  tubes  to  end  fitting!!.  The  design  of  efficient,  lightweight 
Joint*  between  composite  tubes  and  end  flttlngi  U,  therefor*,  *  necessary  element 
In  the  development  of  composite  structural  components  and  require*  careful  appli¬ 
cation  of  design  criteria  and  analysis  techniques. 

The  basic  geometry  of  the  shin  Joint  is  presented  In  Figure  C. 2.1-1. 

The  shin  layers  are  of  uniform  thickness  and  constant  length  In  the  longitudinal 
direction.  The  composite  tube  end  is  separated  into  several  lay*;*  end  bonded  to 
the  shim  layers  by  an  ndr.ej.lve.  A  single  circumferential  row  of  conventional 
shear  pint  Ir  u:>ed  to  transfer  loads  from  the  composite  tube,  through  the  shim 
layers,  to  the  mating  part. 

The  geometry  variables  shown  in  Figure  t.2.1-1  are: 

a  m  distance  from  pir.  row  centerline  to  tube  f.nd 
Dq(Dj)  ■  ou*.3lde  (inside)  tube  diameter 

®o.)'3lj)  *  outside  (Inside)  tube  diameter  In  attachment  areu 
Dfcp(Dip)  *  outside  (inside)  pin  diameter 
J?  »  distance  from  pin  row  centerline  to  back  edge  of  shims 
Lj  *.•  total  length  of  reinforced  attachment  area  (L„  +  1^) 

Lr  ■  length  of  reinforcing  ring 

L3  a  longitudinal  length  of  metallic  shim  layer  {£+  a) 

L|_  3  wall  thickness  transition  zone 

Sr  "  number  of  filament  layers  In  tube  wall  that  do  not  extend 
into  the  attachment  area 

Up  3  number  of  pins  along  the  tube  circumference 
Wa  *  number  of  metallic  shim  layers 

ta  3  thickness  of  the  adhesive  layer  Joining  the  metallic  shin  to  the 
composite  material 
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tc  »  thickness  of  composite  layers  which  do  not  extend  between  shims 
tf  «  thickness  of  composite  layers  between  whims 
tr  a  maximum  thickness  of  the  transition  length  circumferential 
reinforcing  rings 

t3  a  thickness  of  metallic  shim  layers 

From  a  weight  standpoint,  it  la  desirable  to  make  the  transition  length 
(Figure  6.?: .1-2)  as  short  as  possible » 

6. 2. 1.2  EFFICIENCY  OF  THE  SHIM  JOINT  CONCEPT 

A  comparison  was  made  (Reference[bJ )  by  studying  a  cooposite  tube 
having  shim  Joints  with  tubes  of  other  materials  designed  to  meet  the  same  loading 
requirement.  In  Figure  6.2. 1-3  the  weights  of  constant  strength  tubes  hare  been 
plotted  versus  tube  length.  The  metal  tubes  are  assumed  to  have  identical  strength 
in  tension  and  compression.  Two  curves  are  shown  to  reflect  the  different  . 
tensile  and  compressive  strengths  ol*  5 * 0° : 1 , 90°  fiberglass.  Thin  wall  buckling 
and  column  buckling  ure  not  considered.  The  fiberglass  tube  weights  include 
0.7  pound  to  reflect  the  weight  added  to  both  ends  of  the  tube  b>  a  minimum 
weight  eleven  pin  attachment. 

Examination  of  Figure  6. 2.1-3  reveals  £hat  for  deaign  governed  by 

tensile  streugth,  fiberglass  lubes  arc  more  efficient  than  aluminum  for  tube 

. 

length  of  5*0  Inches  or  larger  and  lighter  than  steel  or  titanium  for  tube  lengths 
exceeding  7*5  inches.  If  compressive  etrength  governs  the  tube  design,  fiberglass 
is  more  efficient  than  aluminum  for  leogths  greater  than  6.5  Inches,  and  lighter 
than  steel  or  titanium  tube  lengths  exceeding  12.0  inchee. 
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SHEET  1 


tM  •  JBt&iPf* MO  C«MMM 


6.3  RZfffiEICES 


NUMBER  D2-12HU-1 
ItEV  UR  3 

i  i 


a.  motel  Corporation,  Wasatch  Division,  "Design  of  •  WM«rt  Wound 
Sclented  Motor  Case".  Technical  Report  Bo.  AD406679#  CCC,  April  1*3#  1963# 

AIAA  Launch  and  Space  Vehicle  Shell  Structure#  Conference,  Pala  Spring#,  Calif. 

b.  Cole,  B.  W.,  Wong,  J.  P.,  and  Courtney,  A.  L.,  "Developaent  of  the 
Shin  Joint  Concept  for  Structural  Meabera",  Technical  Report  R>*  Afll/WR*67*ll6| 
August,  1967,  Air  force  Fligit  Dynaalc#  Laboratory,  W right-Patter aon  Air  Pore* 


Base,  Ohio. 


c.  The  Bendix  Corporation,  Products  Aerospace  Division,  "Exploratory 
Application  of  Filament  Wound  Reinforced  Plastic  for  Aircraft  Landing  Oaar", 

Technical  Report  Bo.  AfXL-TR -66-309,  Deeeeber,  1966,  Air  Force  Materials  Laboratory, 

' 

Wright -Patter aon  Air  Force  Base,  Ohio. 

d.  Thlokol  Chemical  Corporation,  Wasatch  Division,  "Large  Segmented 
Fiberglass  Reinforced  Plastic  Rocket  Motor  Cases",  Report  Ho.  ASD*XR*1~1$0,  Vol.  Z 
through  VIII,  Air  Force  Materials  Laboratory,  Wrlgbt-Patterson  Air  Fore*  Base,  Ohio. 

e.  Ooland,  M.,  and  Relssner,  &.,  "The  Joint  Stresses  in  Cemented  Joints", 
Journal  of  Applied  Mechanics,  March,  1944, 

f.  Melcon,  M.  A.,  and  Boblit,  F.  M.,  "Analysis  of  Lugs  and  Shaar  Pina" 
Product  Engineering,  May,  1930  and  June,  1933* 

g.  "Mechanics  of  Adhesive  Bonded  Tap-Type  Joints:  Survey  and  Rev lev". 
Report  Ho.  ML-TDR-6U-296,  1964,  Forest  Product  Laboratory,  U.  3.  Department  of 
Agriculture,  Madison,  Wisconsin. 

h.  "Manufacturing  Methods  for  Plastic  Alrfraae  Structures  by  Fllsaeat 
Winding",  Technical  Report  Bo.  XR*9*371(lj#  February,  1967#  Air  Force  Materials 
Laboratory,  Wright-Pafeterecn  Air  Force  Base,  Ohio. 

1.  Ridbs,  R.  A.,  sad  Wright,  R*  R*,  "Minimum  Cost  Dealp  of  Frames", 
Journal  of  Structural  Division,  Proceedings  ABC fi,  Vol.  93#  8T4,  August,  1967, 

Paper  Ho.  3394  . 

SHF  El  CZfi. 


Vi  #•»!  <l|i  «(».#• If 


aim  -ivuaiv*  tmnsslsxi  soj  asn 


i  .. 


M&afAfG 


'  1  '■  '■* 

NUMBER1  I"  I 


■;Rgy>.lTR 


-Ujt/f  « 


i* 


7*o  '  jomr  oonazDOATion  fob  fSDooxa  Sou  wat'.nsmM  '■  ^  *  %&/'  1 

7.1  The  use  of  scale  aodel  realises  for  vehicle  structural  RjiMnsf  da  studied '  v 

*  '.  .  i  ,-j:  '  ';.v •• 

■can  provide  the  designer  with  valuable  inf or**  t ion  on  proposed  designs  .darV  i»  V 
their  development  cycle.  By  their  use,  structural  DOdlflbatloU*  sad  payload  «■  • 
a  hang®  a  can  be  evaluated  without  e^peoalvO  full-scale  construction  and  testing, 

*  ‘  ,  *’  \  •  r  '* 

,  ft  .  .r  , 

particularly  for  the  large,  ccmplsuc  vehicle. 

This  Section  discusses  tbel/lo  teal*  structural  replied  of  the  Apollo/ 
Saturn  v  aid  is  intended  to  provide  designers  with  ease  insight  to  the  oaajproaiiee 
which  can  dictate  deviations  from  true  replica  reproduction  in  the  area  of  olesile 
Joints. 

The  decision  to  provide  a  scaled -down  replica  of  the  prototype  Joint, 
or  to  siisulate  it  by  Its  dynamic  and  dampening  equivalent  Is  dictated  by  the 
following  considerations : 

.  / 

a.  Present  fabrication  practices  sad  limitations. 

b.  Access  requirements  unique  to  the  jo del. 
a.  Assembly  problems  created  by  the  size  reduction. 

d.  Requirement  for  equivalent  dynaaic  properties. 

e.  Fabrication  properties  of  alternative  alloys.  ' 

f.  Size  of  scaled-down  fastener  cosponeafce. 

.  ;  .  t 

g.  Economic  alternatives  of  simulation  v»  soale  duplication  of  the 
Joint. 

Structural  Jolate  ’  , 

The  Joint  illustration  in  7ig are  7.1.2-1  is  typiaal  of  a  design  del¬ 
ation  required  to  pemit  assembly  of  the  structural  components.  (Us  JcdSt  deplete, 
tbs  S-IV-8  aft-bulkhead  oonson-lsdhhead  jolht.  in  fall  seals  (Figure  TUA-1^ 
the  fabrication  is  by  rivets  and  velds.  the  1/lD  saals  aodal  permits  tfca  final  , 
closure  to  bs  sffseted  eatemally.  She  bulkhead  structure  near  the  Joint  \eui  . 
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7*1*2  (Continue)  ’  *.  •  *  •  '  . 

loolly  aodifled  by  adding  a  relatively  heavy  adaptor  ring  to  which  tba  bulkhead 
vis  riveted.  This  ring  was  then  bolted  to  the  skin  from  the  outside  and  a  bead 
of  sealant  compound  applied  at  the  intersection  of  the  c onion  bulkhead  and  the 
1&2  tank  wall.  The  resultant  joint  therefore,  la  not  a  true  representation  ef 
the  full-scale  coaponent. 

7.1*3  An  Indication  of  the  degree  to  which  the  prototype  Is  iuplioatod  Is 
indicated  by  exaal nation  of  the  Joints  of  Figure  7.1-3-2  The  location  of  the 
Joints  data  lied  in  this  Figure  is  shown  on  Figure  7. 1.3-1  by  the  lettered  circles 
on  the  left  side  of  the  nodal  drawing.  The  Joints  of  figure  7. 1.3-2  carry  corre¬ 
sponding  letter  identifications. 

7.1*3 *1  Figure  7.1,3-2a  is  the  junction  of  the  SnIC  fuel  tank  and  the  Intertank 
section.  The  fuel -tank  upper  bulkhead,  the  fuel  tank  wall,  and  the  Interbank 
section  are  Joined  by  a  Y-ring  assembly.  There  exists  a  deviation  from  replica 
scaling  in  that  one  leg  of  the  Y-rlng  is  attached  by  a  bolted  flange  to  allow 
access  to  the  interbank  interior  are&3.  The  intertank  Y-rlng  connection  is  an 
unusual  Joint,  node  necessary  by  the  complex  corrugated  Intertank  skin,  and  oon- 
slats  of  channeled  strips  attached  alternately  to  the  inside  and  outside  surfaces 
of  the  Y-rlng  leg  frota  the  corrugated  Intertank  surface. 

A  similar  Joint  (Figure  7.1*3 -2b)  is  ustd  at  the  intersection  of  the 
lover  LQX  tank-bulkhea 1-bOX -tank -wall  and  intertank  structure.  This  Joint,  however 
Is  dosed  by  a  veld  rather  than  ty  the  bolted  flange  connection.  At  tbe  Junction 
of  the  3-IC  LQX  tank  upper  bulkhead  and  tank -wall-  forvard-ekirt  interface  shown 
in  Figure  7.1,3-2c,  a  variation  was  utilised  in  the  aodel  structure.  In  order 

to  complete  the  final  veld  la  tbe  Joint,  the  Y-rlng  was  fabricated  in  tvo  pieces 

# 

and  tbe  shorter  leg  vas  spottfclded  to  tbe  locally  thickened  forward-skirt  skin. 

Tbe  closure  was  then  effected  by  an  external  veld.  Tbe  resultant  hardware  has  tbe 
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7.1. 3- 2  The  model  Joints  shown  in  Figure*  7«l»3«2d  fiai  T#l,3'-2s.are  soslsjjk 'dap^-„t  V  ,  *.-. 
licates  of  prototype  joints  with  the  exception  that  the  number  of  Astesiara  «•**•  • y;  )  ■'-* 

■  ........  -V  £?/■* 

•  In  the  do  lei  Is  less  then  the  number  required  on  Abe  ••pro  to  type.  A'ffhe  fiaitmners  *  .:.a 
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however,  are  sized  so  that  the  total  fastener  area  wee  •  sealed  quantity V  Tba".-.  % 

application  of  replica  sealing  to  the  joint  of  7*i«3-2d  was  judged  to  tie  tbe  *  -•  >  ‘J 

cost  expedient  approach  since  oetielderable  engineering  time  would  here  beear*-  •• 
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quirard  to  properly  design  a  dots  easily  manufactured  eoanaotUnd  with  oooqprable  •  *  • .  ■  \ 
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— *“•  dynamic  properties.  Further,  tbs  seeling  lavs  applicable  to  a  Joist  of  this  type 
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are  not  sufficiently  defined  to  permit  evaluation  of  any  alternate  design/ parti-  ;*  "{ 
oularly  the  effect  of  the  plnaed-truss  ring  frame  braces .  ", 
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7. 1.3- 3  The  remaining  structural  Joints  of  Figures  7*1*3-21  through"  7.1.3-21  ", 
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are  essentially  scale 4  duplicates  of  the  full-scale  structure  exoept  for  deviatictt* 

in  ring-frase  and  bulkhead  construction  dictated  by  fabrication  ties  and  ooet  „.'k  ,. 

considerations.  Tbe  alternative  design  approach  permitted  the  use  "of  eaaufaotering'  a. 
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procedures  which  produced  gecnetriomlly  similar  structural  ooppooests  with  fW^'.;' '  ».  i 
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and  less  intricate  machine  processes.  B>e  resultant  structures  have  the  Kane  1 
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structural  dynaaic  properties  as  tbe  aore  ooaplex  exact  alnlstniiiedlfnc^dftblHr  ,.  -• 


full  seals  structure. 
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7*3*1  (Continued) 

1  establishing  the  scoacule  feasibility  of  acquiring  a  dynaaifl  model  such  a*  the 
1/10  seals  Apollo/ Saturn  V.  If  the  resulting  fabrication  liaiiatlens  sure  p recti - 
cal,  It  may  be  possible  to  duplicate  the  full-scale  structure  at  a  predetermined,  . 

*  •  e 

reduced  sice  at  leas  cost  than  would  be  seeded  to  s Inula te  the  structure  by  em- 
ploying  com s ponding  expensive  engineering  tine. 

A  factor  found  to  be  beneficial  for  fabricating  tbe  Model  Joints  included 
Methods  employed  to  make  tbe  required  assembly  attaehaentt.  The  full-scale 
Joints  were  fabricated  with  appropriate  weldments,  bolts,  nuts  and  rivets. 
Obviously  ths  components  of  the  smaller  Model  must  be  assembled  by  other  Methods 
because  of  the  impracticability  of  the  reduced  scale  attachment  hardware.  There 
must  be  a  cooproalse  both  in  type  and  the  naaber  of  aiaula'.ed  fasteners .  Also, 
it  Is  generally  accepted  that  whenever  an  effort  ia  Bade  to  approximate  the 
structural  dynamic  properties  of  a  complex  structure,  the  detail  design  of  the 
Joints  and  attachment  hardware  should  be  conservative  with  a  resulting  excess¬ 
ively  stiff  component  since  any  effort  to  scnle  directly  the  size  and  number  of 
bolts  and  rivets  would  be  impractical  both  from  a  manufacturing  and  assembly  . 
viewpoint. 

In  addition,  although  it  is  true  that  these  can  be  tome  conservative  dis¬ 
tortion  of  the  Joint  stiffness  properties,  there  can  be  little  hope  of  achieving 
any  degree  of  success  in  reproducing  desired  damping  characteristics  when  rivets 
and  bolts  are  replaced  by  spot  welds.  Generally,  bolted  Joints  can  be  rs pre¬ 
sented  by  using  convenient,  commercially  available  fasteners,  such  as  O-Qo 
screws,  a  lesser  number  of  fasteners  being  used,  the  number  of  which  Is  determined 
from  the  correctly  scaled  fastener  area.  This  design  approximates  the' proper 
stiffness  and  dumping.  . 
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7.3  ConclueloM 

»  ’ 

7*3*1  Replica  ecaliag  of  the  main  load  carrying  structural  Joint*,  which 
together  with  other  structural  components.  necessitated  aa  extension  of  the 
state-of-the-art  la  fabrication  techniques,  vas  employed  and  resulted  in  a  modal 
which  duplicates  the  full-scale  structure  to  a  high  degree.  Extreme  full  scale  - 
design  details,  such  as  joist  reproduction,  were  duplicated  in  the  fabrication 
of  the  l/lO  scale  nodal. 

A  careful  analytic  of  the  prototype  structural  details  vas  required 
to  ascertain  the  practical  and  economic  feasibility  of  duplicating  component 
hardvare  to  the  chosen  scale  factor.  When  model  Joint  design  dlotatmd  sites 
too  small  to  be  duplicated,  an  acceptable  design  required  that  only  the  correct 
mass  and  stiffness  distributions  be  retained  in  the  model.  Soon  Joints  could 
not  be  adequately  defined  by  the  most  rigorous  present-day  dimensional  analysis 
and  therefore  were  built  as  scaled  duplicates  of  the  full  scale  members.  If 
the  Joints  were  of  secondary  importance  from  a  dynamic  viewpoint,  they  were  a 
scaled  replica  because  they  required  less  expenditure  of  effort  with  duplicate 
fabrication  than  with  dynamic  slsiulatioo.  All  substitutions  were  carefully 
considered,  however,  lest  their  Inclusion  degrade  the  usefulness  of  tbs  hotel 
structure  through  either  introduction  of  misleading  response  data  or  the 
suppression  of  critical  responses. 

With  proper  care  in  the  selection  of  the  scale  factor  and  methods  of 
manufacture  and  with  Judicious  evaluation  of  deviations  from  direct  scaled  dup¬ 
lication,  the  replica  models  are  considered  technically  end  economically  feasible 
for  etmdles  of  the  structural  dynamic  eharmcterlstlcs  of  large  complex  vehicles. 

An  In-depth  description  of  the  project  Is  available  in  BfWeoee  %  t  *  ' 
from  which  the  lafomablee  preseated  herein  was  derived; 
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that  a  greet  deal  aore  lnfomatlc*  night  be  Included  la  tide  doqaoent,  it  ; 
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that  la  it*  present  font  it  provide#  a  useful  tool  to  the  detlqwr  freed  vtth  tS%' 


problen  of  missile  or  spnoe  vehlele  joint  design.  '  .  '•*/ 

Should  a  declaloo  be  foreoosdag  to  continue  the  effort,  the  I— v 
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direction  taken  will  be  to  investigate  raceway  ead  other  ooa»«traotaral  jolnte. 
Follow-oo  effort  will  be  a  report  oo  the  latest  state-of-the-art  la  Joint  ddetoi 
concepts,  alMlle  carrier  Interface  }otiti,  Joint  fastener  hardware,  plashing  #od 
electrical  Joist  Interfaces  ead  recent  advances  la  ante  rials  tusi  prooeea  tnn>nal,oaCF 
as  applied  to  nlselle  Joints.  n  .  {*■ 
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